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Technical Methods for the Prevention and Correction of Voltage Sags
and Short Interruptions inside the Industrial Plants ;

in case magnetic contactor

Mr. Pongsatorn Romsai
Mr. Phongdanai Heetrath
Mr. Wikrom Deechaiset
Mr. Eakburin Sritrai

Associate Prof.Chongrag Boonseng Supervisor
ABSTRACT

The magnetic contactor is response to voltage sags, so has resulted in
explosion at an electrical circuit is cut. This is a main causes are found in industrial
plants, and causing damage to the transmission circuit to the motor is enormous
value. This thesis presents the prevention and correction of voltage sags and short
interruptions so circuit is designed to operate on the voltage sags or short
interruptions to maintain the operation of it. The circuit is designed to operate when
the voltage sags or voltage is less than 50% for 1 minute, which can be detected by
the microcontroller. If the voltage source is less than the reference voltage, voltage
sags prevention circuit will be operated. So, using 12 volt battery to supply through
the inverter circuit then step up voltage through the transformer to AC 220 volt
before supply voltage to the coil of the magnetic contactor and use relay as switch.
While the magnetic contactor on the voltage sags prevention circuit. The operation

of this circuit will allow the magnetic contactor work properly.
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mudyeailvazagiliiAnusedusenineaiy (line voltage) Aagul 2.5 (n) wazusadu

wpazing (phase voltage) ﬁﬂgﬂﬁl 2.5 (%)

T
-

:; ﬂﬂ“ﬂ%ﬂ%w qum

(¥) Phase voltages

gﬂ‘ﬁ 2.5 USIUTERINNE LA LTIAULAREINE

INFUA 2.5 i55enanuniiseniniadinanunineiad wazilontedinasening
Nadhanuninuend uenantisidaunsadsunnuiivasusedu RMS sa95uniu PWM
a!ll 2 ni nl' s di L. | Qs n!.) A:i
dlamensdsuanuiuaruunavesdyguslaiulainsedyyinuoganis nsideu
AnudvesdygaUrdulaiagilinnudyagiuvesguaiu PWM wWisu winsidsy
yuakeundgavedynyiugUledaeinliaiusaiu RMS v83 PWM Wagy Fadusiaunu

0 SR da o8 v =i
agaludndiu wanfevinlvl V/f nsi

suAdiu PWM finsdiuniasigmifefinnsaniernuianeg fudegludiveguaiu
lngldmvimsziuuuyiFes Aavmidoudunmsiinsziuaiulumedeans Jeazlivana s
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e =

Tuid lovaguldiduaunisediu PwMm TugdeynsuyiSesladsd

Vit = mzzisin(mst + 8) + Bessel function (2.1)

suFen m evdinisuegian (modulation index) , wg AoAud 1A§1UTNAD

mmn‘uaﬁﬂﬂaulﬂuml*ﬂuﬂivmumwamam waz 0 AayusnavedyyIilean



n1sueqandyivesnsueganlagnivualimiieudundearsfie m = Ve / V; laed
V, fem1seRuLsIiugean (peak voltage) vasdynyraundulet dau Vi iluseduussiugagn

vaadganmve ansauiulileundyaves Vr wWdsuuladlaensusu m= Ve Ay

Tnean1enalvas Bessel function harmonic terms 94 denatifazidunauin

sunsuvesnduiiluesuedndvionun tnefidnwuzveseynsuegluguvesilsdiduivaiea

]

= s 4 &

Fedlothanrutunalusniiiduadulsifinnuiyagiuiazazlasuadu PWM navesnal

v = 7

Jussvelindesiuagivdviinisuagan m nanafie 41 m Belldmnfuivinlng watnds

v

7
i
=3 =l 8

Avgilunumievadly

MNMFIATzvaiNelinduesguadu PWM wuhamuiiveseniuedndliamnuduius

@ = - =l I < [ =
Nuaufivesndunve uazanuiyag ueglugy Mo+ Nag e o, [Wuanuiiniunine,

o =

ws JWuanudaduyagiu, M waz N Jwavdwaudy Tnefl MeN = avdwiufiuf

v '
a =

Tnena15197 2.1 wansmegiwetesueindniatu islvsnsidruvesninudaduning

-4
Qs i

AeANuByaguilAviy 15 lnelendnidiuvesnnuiineiiin P

M1519% 2.1 gnsualindvas PWM Wa P = 15

M gsuafind

1 15w,
15w, + 2w,
15w+ dw,
15w, + 6w,
etc.
30w, + w,
2 30w, + 3w,
30w, + 5w,
etc.
45e,
45w, + 2w,
3 45w, + dw,

45w, + 6w,




10

MNMTIATzvdusialuBnd weundgavesansuelindvesuserulifuagiuai P
WAZILUDHANTOB N IUAITIALYBIAT M wae N ANINTY wAnuIa P axinareasueind
veanszuafilvaidueines nanfede P dfgawndu nszuadluadusinedezfiyulngd
Adulduniu uagasuedindsefirggnnsedaemanumdniwesdnanesiodlasdy
= o | L7 = 2 a W % - | a & =
Fadunmsanalditefaznaaiuinged (filter) iansesnseuanien Balunidumniden
P idudruruitvesan 3 wudiussangrsuedndiiudiuiuviivesias 3 Wavate

nsoMsunImIUagsueling (triple harmonics) agwgly

iuinsidona P gedldafnatvate uadededilimsuestufontsidensl P
g9 v liiiansUalngunsniaintenduiesinesidudiiuninaienionisidendl P i

wafferidgnduiiosninnisilala (switching loss) ge agalsAmuiiiofisunainaidy

T - =l 2 al € o & ) I
wendafiodnunad uifiseseglurouwaiivnzaunargunsalaindanunsasuls

@ a4 L= ! [ d’l’ a o w 2/ ! = = !
nmuegianmeadulzdiednduiugiufiddey 1Wilade weeliuse@niam watlyn
ffegundu PWM fildaziianunirsfadlianunsnaansuadu vilenlunsdiiazioy
lusunsupauiumesifieadaguadudanan Sllgmididensuldfimszisldnisusgian

v v s

wuUeseq medteunden ualullagtudadrainldrenfinnesundusmugudens uaz
nswanady PWM funanlulaslsisaigefdeagyiaunalusunsudideul’ 1ailddaan
NNTUeRLaNI39 Mgmanadina i liddfeduiiemdnnisvoinisguiioganazasly
(sampling and hold) mﬁ@LLUaQﬂﬁugﬂl‘;ﬂﬂ%ﬂlﬂLﬂuL‘%ﬂLﬁﬂﬁﬂmaLﬂUﬂgu‘ﬁuﬁﬂﬂLLUUlﬁﬁﬁ
finswasuulamesseiuuseiuil dunuuunuiar wiuauduandlifagud 2.6 fatdaaud

YOI SPUAIBY ALV AUAILANIUE

Carrier waveform

e
A

Modulation waveform

——

d el Y | u I
UM 2.6 nannsves PWM fllmsgusieenauuuiengy

U

(Uniform sampling PWM principle)
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NavaIMTHaganaglaniiu PWM Nlianunieesiadiinmuanunsiun 2 fy

a2 w ] J

Fawnenmalisulusunsulululaslusiwawesudndyguninaiesnun

Y oo Y o e v i a i =
terdntenilvesdyyiu PWM wuuiiifensuideideludewasuinmtiadio
neanuduBudugainuluiduidady (inear to non linear transition region) sazld

nanfenaselul

TneunAdeyyios PWM Fiinannedulesd eisnudeudt m 290 0 89 1 As
Wasuulawewsswuandulvogradudadu witufifen m = 1 9eai19seninaiadnied
wdeniemunieuendasenateedy PWM asmellednaiuiivile Wunaliannseud
/@49 (surge current) M3aLAnmsnsznnsruafer unalronssludussdndothumun
vawme ez AnnsnsTnBLTy yenanddmmessihasasunsinsyuaduwuy
Tedtu Jaymdnedrandledlifintufifio msdsumsihnssuassdumen dmdudunesinedi
Mmsudawmesluiees Jymieedivufumsensndamefidugunsaliiianuldenszua
nsgwn madeneduintuld uenaniis iy m iutuseludes aunseadyeo PWM
naneduguadudmden ismunmsiuturesissiuluistar i Sudady wazensuednd

=0 e

Avzanniu wawesiadiidsgaydoundu

Uaymilagliindield PwM Afinsguuuuiengy (uniform simplify PWIM) Lilasain
wshnnuniuerdasinangUaiugnauluniudu wavdnvurvesgunduiiluenguid

nuzigusiedniulig m azundeswinle Jefinanmdugulel HedauisaRansanldein
Ui 2.7

éall

—— oy

Sine wave Uniform wave

JUN 2.7 nsidasunlasuasl m

nglaziulanliiesdnisidsundasan m agisls guauvesrduiiduiengy

ﬂ) CY)

(uniform wave) Afazfidadvsinisidsuwtaaviniunguadu Tuvasfindugleded

U

'

=t ]

AndIUNIT VAT ULUAIRTINANNINNTIIATISUTY 2 udsdsnalinisidasunlasndsain
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AaunIsuengmeludanuugldidudadu drutywiSeanseuansyunuazussdansgn
Tavualudieldaduiengy sgnslsinusmudiensueiindves PWM wuudlagiiuuinnia

PWM Hiuagianainmauletilaensy
2.3.2 UAdU PWM wuvanAsuetindfiludasnis

g13uadnd (Harmonic) Ae druiuvesdyniudlifesnts Wudiuusenauusl i

s

wwantuguriudynuled o1vvegluguvesdyyramioluguuiuingisnivleg &l

g

o |

muBdudiuush nmuiyagiuvesszuuliih wy anuindnuesszuulwiindiue
f 50 18509 1udduil 1 desfueiinddiui 3 fidnmnud 150 85ad uaxiflossueingd
§ud 5 fidmad 250 185ad wmanlussuuvildaduudsuudadlu Tasvuinves
Adusfueiindartiuagfudaulmasusenisite sidansauaudy PWM Andsuonnes

JFudsamnesunawmeiviold mudvieeniitieliluan uarvuiavanseualvan

neuduluiitelazyatansiinersueidndlaanistinuayuuend o Tugundu

PWM Timungan isnazanunsaiidnensuedndld lnefansansuadu PWM 91n3uU9 2.8

_,{ |,_ Pulse width

0 90° 180°

Notch width —»| |&—

A I for X T 1800
@ a; % 180°-ay 180°- a,
180°- a;

a,

o ar L3

JU% 2.8 Undu PWM 7i9eldiBnsidnesuetind

ngensATzisUaiuluuyiSesmAeeuglaY aaunsaudaun1sivailila

G soivung o |, o, ey o ; Wisldesueindmeqgnidalumuiinesnis
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2.3.3  3UARU PWM WUUAAAINISNSSNBUYDINTEUE

o J:ll al Il

:il a Y e k2 o @ & = a‘c_-a' (R7 e 22 | [=1
73UANIN5A PWM wuufianesuaiindiludesnisatelaindudsan uads

& o Y

fanamAgiideds eswnimsiisneesueinduneasueindlinduriliensuedndauy
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mmﬁaﬁdwﬁwmmgjtyﬁa‘luﬁ'mam@iﬁmmnm%mﬂnémeﬂhﬂﬁlﬁmmaﬁmﬁﬂétmﬁu
wiAnanarsuedndnsrua uagliliAnneanfueindlnendueindnils widnnnasmues
nszudgnsuelindnnisindufiisnienit nsvuansziiien (ipple  current) 91AvMgu]

199507 L5 TamIAIRInsELanSELVauilavInaunTg

1w
Lipple = \/;Zn=3 I (2.2]

dle 1, Ao vwinvesrisennsyuaifesedndd n
V, #e vuisvesmeennsewaiiransuadngd n
R, #e AAnuiumuesiiivieveasiienfuednds n
FaAnanusngmseimeiafianuisaiy
nol A AAuienh$lnvadiorsuedndd n
2.3.4  3UAdY PWM fla¥rsanmsuiudnvasnseua

sundu PWM Aildnanafisianuadisfuiinainnisauyfigiudidn wsedulin

=l I 1 = = [l sﬂ' (=1 = (-1 1 5
NSEUaARTIIAULTSILIN naRe Seulazlinseiion wiluanuduaseoaluuutiy
Ingianglunsdifiluaniisnseuaung Jaazdmalivszaifiuliiaudmesluicesndenles
nTzuanTsiinsiuiunyags LLaxﬁwaﬁqmiﬂizLﬁammLLiaﬁuLLaSﬂixLLaiuﬁqm AT

v v o i = |s¥ = ' = s
sruntgilddeufumvasnurBmeslilngiuning Fwonaldmuzauludaasugenans
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F93N15ARIBNNSRITananIzNsnsEiauvaInIELa lnalt lunanisnie Seinen1sRnmI

¥ =

nsrualnanwaiInNsEualvantuuUSsufisuiunseuas198s wdenntufile naved
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nmsiFsuiisuiilaluadeussiuguadu PwM iedulinszualunandsufmunseuadneds
= o=

=t v ' P =l o @/ = L3
ondivdls nandsnanuansliluguit 2.9 Inefrasmuaunisaddyyialueansdanes
elilasuadu PWM musuil 2.10

Cumrent Increases

Cunment Decreases

saiislmi
O

JUN 2.9 vannsasedain PWM annnisusuieainseualnandlowSsuiiey

AUNTEWAD19D9

Comparator

mU - ® [-\ (= Transistor 1
Reference wave Tu
Phase current N ——— Transistor 2

Lock-out time

Ry

JUT 2.10 219958 edyayas PWM mensuiudvensyud

MngUaiiuigemuguazaedyguisdaguleitun winhluisudiouiu
nszualnan Mnuitwefldludnasiioufieuiidedameida defarvilddnaa
PWM pansdagudl 2.9 diursasdeniesilng (Lock-out time) flSifleuendynyioinis
luweamsudamesvesynuuuazynanslidudaszeatu sisdidfetiostunsivslamedii
2 dhsienangnnszuliiaundendy faavdsmaliiAndaasiivnsdenlenseuansaniiy

ns1uTanesRINa?
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i 8
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nTeiTanding wvhligeanwuuniuindiinvesreueimeiuaydnduls
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+Vin ‘ —1 +Vour

MNTRVIAIUAY

JUN 2.11 295U IUTeINaIBLUARBULIBSINES

U
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Tudnwaziluaind waravinszuamuidsveaiaddmasuiideulsiniiua 1lesann
pdouwlas T, ﬁwﬁmuﬂmmlwsuﬁuaswwﬁum%’iﬁﬁé’wmznﬁuwﬂaﬁuasj Faduidle Q,
ihnszudlalon D, Svegludnuazgnlunednduuarlivinszua Jefinsazaundeud
alwsandveandioudas T, unu iile Q, ngminseua aunuuindn T1 agguiiiliiae
nsndutussduiivnlnsuduasiaduns 0, fvayludnuasgnluseanss ndauilagean
Tuwalnsundvemseutasiazgnremennludsunedund wazinseudlvadulalen b,
lugsiifiuuszqiondnm C, warlvanld Avesussiuiioniwnvesneuesinefariuag i
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luresisareunefinedaeimihiidwundsnulugifiwneinsuamesinseua 3
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wneinsudaned Q, axvhawlasinszuaazvgatiinseuaaduiuly e Q,
ihnseud avfinszua |, Inariuvalnsund N, wagdasiuies esainuienvas T,
Tunesiisanounesinesasivununlnsuniuazisfundliimansstu fadulalen D,
Jagnluusanse vilslinsualvaiiwdunnd N, drudmden L, lugadufvdsegendnn
C, waglnanld vourfidnszualuaiiu L, sxfinsazaundsaulilusatuge dulalan D,
sragludnvuzluneandy Talufimsinssuauietulalen D; Wesmnuaduniulads N,
gniulilufirnssihaiunlngins N, lalen D; Tsegludnwarluweandunaslifinszualva
dle Q wyauInszud lalea D, %zgﬂluuaaﬂﬁuLt,azlaiﬁﬂ‘sxLLa"Lwamnmeaﬁ'um? N,
usiluva Ferfuaunusimdniifniulu L, ssgndreweenunyilifinseualvasinlalen D,
ludesifiuusey C, wazlnaald nszuadlvaniiuinandsidnvaesoidesnsludiei Q,
thnssuauavvigninszua vilinisnsziftenveusadiuedmamnimaiuuaneuosines

Q I

Tuvueg# Q; ngahnszua aurnudindninnfanislunioudasaziin1sguda
wagndutuussduiion N, , Ny waz N, lalea D azedludnwuegnluweanss vilid
| ) A A I & 2 = a
nsargimwasuindedisiioenlulsd anatafuuniulagds N wazlalen
D; UllaudrAguin wsizdiwinldfinisaromndsnufinnasesnliainvalnsui’
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Hudunsele
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2.4.3  WY-yaARuLIREMas(Push-Pull converter)

T G

= - ‘,i | +Vaut
| J N <[5 N l
+Va I“ \] GCo -'.;RL
| T
Ne <[5 N
T —p | 0
o D:-
1—‘__“ il‘m'N‘tJiﬁ"lUﬂlJ
L NIy

d ﬂy L3 5
UM 2.13 299 5WUF VM- WARRULIBSIADS

33U Q; uar Q, avaduiuhsnlnendntuhnseualuniazainiuna, Tuvued
Q; thnsvuaaziinszua | Inasiuaelwsand No: wazlalen D, sxgnluneandu dwlalen D,
Jrgnluleanss Wildnsvudlwaiivalnsund N, dlelen D, waz L, Tudadunudseq
warivasludunedustunnasey Q, axiiandu 2v,, luvuaufonturned Q, thnssud
Q, uar D, aslﬂﬁmwuaLﬁaamﬂgﬂlwaaﬂé’u Y ﬁ'f&gﬂlmmamaﬁwﬁmisLLafa'm
YAAUATS Ny W1 L, luganiuusey C, warivan ansiulgilundeniunainisyiey
wndunIarlinszudluanii L, 1¥dsaoins wu-yarsunesinesTeamnsndemdsnuld
ndudessimemiasiisaneunesine fimnszuageansilnsanindawinfiu waglnand

nsrudlvasieilamasaiian nszuafilamaeimnisreutiaieu

2.4.4 @dnUSedAaULINeS

+Vin
Yy
} 4.7 La 4+le
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M~ — gRl.
’ 0
0
- JUu i: INDTATUAY
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JUN 2.14 Wasiuguvaseanuiadaeuiasined
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Feulvegluguvasaunisusesiu

Vin—=V Va-V,
m A - A Vout (26)
Ry Ry

Vﬂ . *Vaut (2 7)

INAUNITN 2.7 AlAusaiuniesuean Vg, da1windusnsiveeuseiuresdyayiu
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fAwinAu

A, = Lt "X (2.8)
Vin Ry

2.6 2995008 TalaLNDT

=

WIsNANANLAUTEIITeNINTeRaTalawaTaILITTA s U lAR I 299 5HER
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; ) v o a ¢ w P o o
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THheasverenddnsversgudu seduwenddedu RC u3e LC Tudnwazdoundunuuuin

(Positive Feedback) AuBvesvsiuiadyyrusdleddnwaeaiuauld laensusu

¥ o [y o PR

AAIINATUNU (R) LLﬁa‘ﬁﬁ’iﬁTliJLﬁUUi%’ﬂq (@) v1emluaeas miflazaeslwaenndesiudouly
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v =t - T

iz ez liiAnnisunds (Oscillation) vwinvasdnyyrusUlediignasatiuaggnidnia
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W5 Tnd e IuwuULRadY (Linear Oscillators)

yasidadyanguledlag wwdesilassaiefugudauansluguil 2.17 29030 AS)
uag B(s) 1udnsrvasiduni (Forward) waz Sasivenatloundu (Feedback) mudisiu
SoulvitddgfagyilFuasiifansundsliiuasiont) inasives Barkhausen dstuegii
gM51U8187950U (Loop  Gain) U947995AD A, = A(s)B(s) LM U89 Barkhausen

'
.3

UsznaumeinunfidiAyaesUsenisfe
LU UBL N ZA4,(jo,)=0+360" (2.9)

INOUFVEITNTIVENY |4, (jo,)|=1 (2.10)

’ Als)

A(s) = Loop Gain
= A(s)p(s)

B(s)
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| [
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wasvenenuuldndua loed Ry uay R, Lﬂuﬁaﬂ%’ué‘mwmmmugﬁmLﬁ@’iﬁtﬁmﬁmmm
lenluay C), Ry, C, wae R, Wulanssreteundu Tneanudvesnsiudadygimaunson
1eia1n

1

fo= mmmee 210

fs i mualA R, = R, = R waz C; = G, = C 91naun1s 2.12 awsaanguldidu

(213

F91995v018R09l8ns e Wiy 3 e idulusudeulyuved Barkhausen’s
Criteria Wlea1naunis

A=1+2 =3 (2.1%5)
Ry

%39 Ry = 2R, (2.14)
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C, = Ip(pK)Loff

20 (2.15)
R, = znis (2.16)
ZC]

Wio e MO AMNITLAGIERULITIVEMNNSE AT TIWTAma S

=) ! )
Vi AB Ausatudune
tonmn A8 TRIAINTZUAVDNTIUIANDS
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P, = 2Cm. (2.17)
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iailoans podmA (Orsteds) kA/m
Alnico 5, 6, 8 and 9 3000 - 7000 239 - 557
Ceramic (Hard Ferrite) 10000 - 50000 796 - 955
Neodymium - iron - boron 35000 - 50000 2786 — 3980
, motor grade
Neodymium - iron - boron 30000 - 40000 2388 - 3184
, high energy grade
Neodymium - iron — boron 35000 - 60000 2786 — 4776
, high temp bonded
SmCo 1-5 30000 - 40000 2388 - 3184
SmCo 2-17 35000 - 50000 2786 — 3980
SmColoeHci bonded grade 20000 30000 1592~ 2388
SmCo high temperature 35000 - 50000 2786 - 3980
grade
Neodymium - iron — boron 30000 - 40000 2388 - 3184

, most boned
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“coercive force (H.)”
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nsgadeiiiatuainnisiianseudlvaulusnuasiiddesdmsuwnuiifivunlvg

a1

ldnnddn ddumsgyideiineliifaanuieulunnuersssfinrsanlaannisgadania

@

=l

FaLmasITaieInt1ufen

2.9.2.5 Auwmiie1i (Inductance)

AL value vs. gap length NI vs. AL value
] ]
?
10 1w
?
7
4
g « H— 1 | 5
E N Aot
_; <0 N
=
i 7 1S
2 2 =N A
N a S
\ S
?
w 2 100,
10
? 7
i1 ‘
0" ? ] L | 2 4 W 2 4 r 0 7
Total gap length (mm) Al valua [AH/NY)
23C AL = S20XG VI (nH/N?) )
G = m?xﬁ-l.”ﬂ!“m' NI shows tne point winere e exciting current
100°C AL = 52.5XG-0™% (nH/NY) 20% away from its extended linear part.

G = 21LIXAL™" 3% (mm)

JUT 2.26 Teyan AL senuuudiimiledth
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]
|

dnlunshununesnuuuiumieiusinegiasandeyafidud AL faduend

wandns1sEnIeAIamdenireduiuseuresunalnenideaes wnunsldveya

Amafuvrasuny emnhandesidusvesianufurvesiidadinlnensaiumves

AL vilslumsudsansiniieniuiminundsasvonaudnuugvoaidearsluguvesdn AL

WYLNFUBNAIALTNYU (permeability) datlunsinan AL vewunuimunayildainns

T¥MvesaumuwuWdnduuy AC vu1n 10 1nd (Gauss) AidAwdlunisnagau 10
a

Aladind Llasnmmageunnudisanunuwiuidndudindniiigegaziinansenusae

NANISINDLIUIN

nsiasanfaniendusdnavdideyarives AL WIM91500 (F98198498
AANTueIvresiagudarade) dredranisldaunsin AL dwwanslugudl 2.26
| u u I s dyd =\ = u o L3
UMY 1RlAe auyAliin1sWuraaIndIuiu 100 50U nszwd 1 LoNwUs
InglifinsiUngese1nie (no air gap) MNNTINFUT 2.26 iledt 23 serwaldud
aglaA AL = 100 setuAtaumilsdiwesunalaiifagldannniswu 100 seu
2 -9 & | = °

Aa L = AL(N") = 100 x (10000 ) x 10" = 1 mH wenandaunsneanuuuAiaumdeti

Tuvnugilnvesornaiwnusiudnlamenislonsinniesudneile
2.9.2.6 HaNDUAUDAAIAUD (Frequency response)

IﬂEWI'JI‘Uﬂq‘i‘W‘u%Wﬁ’JﬂNﬂﬂJﬂﬂ'i‘WU‘Vi‘Uﬂuﬁa"IEJ’iFJU %QWTIMLﬂﬂﬂ’]ﬂ'}TNLﬂUﬂ‘E ﬁ]'i““lﬂ’}’]&

|2
@ = kY =l

LLG]ﬂ"‘i'e)U‘UULLa ENNﬁl%LﬂﬂﬂTﬁL'ﬁIsﬁLLUU%WQUC‘]UL@QIQ (self-resonant) AaUULTIBUANLAEN

Usingmsaiiinistadeyaiiauigedaifivnamifesnien

ToyananauaueInudfIng 1 IRuganIzin s Tanarseylilu Data Sheet
Feazfinmugiuunuuividnudazaide silisauisoeenuuusarldiuldodrsmunzay
esnnunuusazyiadauvaenluamuiieansiilindndndie FearlnuantPuansreiuly

warazuzadlun1sltaulugruanufwansaiy
2.9.2.7 N5LA9NUUIAVDUEUAIN

nsidenvuinvenduainiuazfesiiliefiudsdfydesiiie arunundy
vanseuasefiufivesainuay skin effect Wunannmsiinszualiiivesiniinnszuaaduiy
luanunsalvalumtlidud Tneamuvuiudunseuaiifnvesidiazuinnitunuyesdng
lnmdoudunszudlwilvalduAiisaunsduvesini lngaswilowinanudunuailiou

vosn Tk laiunssiuauivesnseuaaauilwaruditug
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f1519% 2.3 skin effect Y09MBIUAITAANLDANLALIUIAAINT LML ANV IAIND

i 3 A iigegn
YUIAAIN . ANUAIUNTY S e
_— Augnan S nszuagan (A) | luinaves
(mm) skin effect
12 2.05232 5.20864 9.3 4150 Hz
15 1.8288 6.5984 7.4 5300 Hz
14 1.62814 8.282 5.9 6700 Hz
15 1.45034 10.44352 a7 8250 Hz
16 1.29032 13.17248 3.7 11 kHz
i 1.15062 16.60992 2.9 13 kHz
18 1.02362 20.9428 2.9 17 kHz
19 0.91186 26.40728 1.8 21 kHz
20 0.8128 33,292 1.5 27 kHz
21 0.7239 41.984 1.2 33 kHz
22 0.64516 529392 0.92 42 kHz
23 0.57404 66.7808 0.729 53 kHz
24 0.51054 84.1976 0540/ 68 kHz
25 0.45466 106.1736 0.457 85 kHz
26 0.40386 133.8568 0.361 107 kHz
27 0.36068 168.8216 0.288 130 kHz
28 0.32004 2128712 0.226 170 kHz
29 0.28702 268.4024 0.182 210 kHz
30 0.254 338.496 0.142 270 kHz
Bl 0.22606 426.728 0.113 340 kHz
32 0.2032 538.248 0.091 430 kHz
33 0.18034 678.632 0.072 540 kHz
34 0.16002 855.752 0.056 690 kHz
35 0.14224 1079.12 0.044 870 kHz
36 0127 1360 0.035 1100 kHz
37 0.1143 LS 0.0289 1350 kHz
38 0.0889 2163 0.0175 1750 kHz
39 0.07874 2728 2250 kHz
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2.9.3 nguAnug1unu lalun1saun

a3

P v = a a P = o ¥ oo & 1 =
WesanddnszualvaluvrainivuseuunuiilugulnsiliAandnduiivan
v = gy I = =l s i = v A o § W
meluuny dfinszuaniidnuazidumunasveaindnuaiuegseuwnuieafuifagyinla

\Aianafinseiu nanpeianswileniluveamilvlinssualvalunioudasaauadlaaunis

L =2_ (2.18)

)
CY 2/

fadundoulasdearursavinlavs step  up wag step  down lutaaifeaiu
YTaiUieutiisy dnegnavendeulafeautinisuenlanniglniisenineunainmngg

PNAUNMTRUFIUANLFLRUS WAV IauUaq

e=NA.(5)107® (2.19)

AN flux (B) Iieuilamdeulasviauegludrsfidiadu

magnetization curve

_ (Vp)10®

K N G (2.20)

B

= = Py -
e V, fie useiuiivalnsuns

v

A, fie Wuifldaulavesmdaudas
N, A9 91UIUTOUTRIUALNTINS

oy K Ao Apsideagldmuseana 4.4 dudu sine wave ulunisaiieaingds
dannanlupdudvien Salusild K Wiy 4 §18u wa-wareuedines uaz K Wity

2 dmsunesisanauasines
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TR8UNBLAD By M3BMIAMIMNLUNANGAwnuausadulalunisasrandontas
ponuuvIzanansadenldlinuanudents neleglutrsiidudadunndaeiimunzay

d
ManAeAsIaveaunumile By, o gaumgiifilda

PINAUNTVNAUILAIUITOMIWIUTOUVRIUA N LS A lae

8
= pHC (2.21)

LT -

AtEn 2 slunisesnwuuntawlasia Auiluniswuenatnuesuauduy

FnUsidfnyd
P v a Y al = o o v A w =
ievgliiiganalumsiuuuafivazauieannisgadeiiiatuluiduain Sndudsnds

ADAMUAILNTOIUNTENEMNA Y TashuUsnaanstiagiAenduaunis

Pour = (1'16BmaxfdAeAc)10_g (222)

(2.29)

AA. = Poyrx10°?
s 1.16Bmarfd

{ | 2
W d A AUMUIMLUNSEREYeIaIn (A/m)

v

a4 A & vow 2
Ae A WUNUUIANYDILAY (cm)

9

| i ) & 2
A. A Mudlun1siuanvesvauiy (cm’)

2.10 299TV389N T
235 38enseud Ao 2aslwinAdnueaudRlunisulasdygranseuaadulinatedu

dyaalaihnszuanse wislamaudRvanlinszualwilnadululudanslafianimile

urrnuduulnan gunsaitldluxasedurvaneialuliun lalan lnglusienuaznan

WiB92995: 389N Al ANAAULUUUS AT
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2.10.1 29950389NTSUARNAR ULUUUSAT

1AT5HINTELALAUAAUYRIUS AT NS N WAL M UIIT T INTEhaRUULANARY
wensaiuevinefladunuuiduniu feunnaeseninenisiTeanseuafunduuuuusad
wazlhuunausssuaintsdunsanisraelalonnuuifnniuazldlalon 2 &9

wuuusadazldlalen 4 i wazwlouvaslwirdlefunnanaiu

JUTM 2.27 2929 389N S2UAANARUMUULUSAUAL JUARUUSITUANATEY Voy,

N15%19ur892995 lalenasndniuiinszuandiay 2 i TnaidiolaiAauinves
wssdulnaduUngAiduuuveslnanivemsioutas uagiuaansifuau azvililalen o,
wae D, Wsuludansaveiinszualuaniulalen D, iiulvian R, W1u D, ATUNATAnT B
auans dussiuanasenivan R druvuduuin muaraduay Idussiulngrsuineannia
L@vinm nikiledaauvesusiulnagy Usingiidhuuuvesunieduaiivesndoulasuay
fuaradiuuan 9ranand 0, uaz D, lFuludanduudlalen D; wag D, wlasuludansa
lrinseualuadiiulalen D, Hnulvan R wazkulalan D, AsURAsTIVTaLUasduULL]
wsssiumnAteuluan Ry Aruvuilvuinduaraduay Idussiulnginuanesnniaersing

Qs

Wlileraulnnsesiuiuiuady ansomawsssulnasundsldfd
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2.10.2 395IN1SNUNIAIUDITTL TN TELLE

gunsalildludiidelalon Faliiflunsmunaveslaleafivmunzauainnisiansan

AuantRvedlalon lnennaudivdnililuiasdeanseuade
2.10.2.1 NSBUANTZYIN

NS¥UENIEYIN (Surge  Current) ABAINTEUAGIAALUYINIAIAUTREIATIFYT
TuvazfsnsuduaslnlvfureasflausedulwaduideuliivuisasiSeanszuanaiunn

AT RLRL N anA NS LAN SN SUAUT e W
2.10.2.2 nseuasalua

nszuasalua (Leakage Current) AenseuadilvaluisasiSuansruadielalonldduns

ludagaundu Falaemldiamtesnin Tnsartesunwilaffuinivity
2.10.2.3 nzua lnalufianianss

nszualnalufian1ense (Forward Current) AeAnszuagigaiilalontunuld
lnglaifnanudemeanmnuauddilanivun  13lu Datasheets Tunisesnuuuiiie

anulaeniemsazidenlimunseualauinninlvan 50% visegeioeiign

lg 2 |, V83 HW ; Iy = average forward current rate of diode

1l

2142 1, VB3I HW ; |y = average output current
2.10.2.4 UTeAUGDUNTUF IR

wsaugauNdugedn (Peak Inverse Voltage) fad1anusisdnglunisludadaundy
gaaeilalerainsanuldlagldifinanudenes dasmunseiudounduggaiuduavni
MiiAadgmautudnesnuuu inszamainesseinssuaiudomoidunszilalon

uwssAudaundugednlaliifissws uwazasidednsanumuuveingunselly 50%
Minimum PIV 989 HW uag FWCT = 2V,
Minimum PIV 989 FWB =V,

wagmITiila Safety marein 13 50%
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2.11 n5udmasaing

NudnesadIng (Transfer Switch) Wududldlunisduivdsuunasaslnaindiu

W ar o <y

maiundnludmadusedagluiimuwnediahidentiadulddunsudiesaing

iad (Relay) LUugunsalviminfiduaing Tnefindnlunisyiauadrefuunain
uimanlwiwisleduasd (Solenoid) Stadldlunisaiuaulsasiviildegranarnuane
sdduaindmuauiivinaudielai weeenldmudnwarnisldsnuldidy 2 vssiande

s

31adA1ds (Power Reley) LLaﬁLanmUﬂﬁJ (Control Reley)
2.11.1 SLa8mas

FwdidwmsendniFenduitnauwnnines (Contactor or Magnetic contactor)

Tdlunseuaulnihmddvunalugninsiadsssunn

2.11.2 Siadaauay

a0 w

flouradniidelniein Mluasesmiuauialufidasindhldundn wieiiienns

muALSiadvionauunninasywIaivg Siadaiunuuniienduie 9 31 Sad"

| ¥

i P1B
5 RELAY1
_]_ GND
GND T P2A
3o
ColL ;H--- -
Co
|
[ P2B

JUN 2.28 293sMsvhnuressiadaiuny
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2.12 guUnInligausanauas

gunseldeusemauamiofiionin “oaulifuiuaes (Optocoupler)” wiau1efif
Fend1 gunsaluendnyyrum1auas (Opto-solator)  1ugunsaididnnsednddmiv
mMadeurenauas Tnensivdsudyaralwinlfiduuas udrudsundududyyiolnin
audn fealddmiunisloudedyyinseniiegeees wazdasnisuentunislnd
Tnuwfinun ietlastunissuniutumislniisyuinsaenans meluvesgunsaiuszanni
Usenoufelalaniuasuas (LED) Faviwmdndidusdauas (Optical ~ Transmitter)
LU UAIBUNTUTA (Infrared)  ward mdudIsULES (Optical Receiver) Fasinileuld

IWlensuBeainas (Phototransistor) Wusulasgnudnsauegluddaseiu

livsdanes vnouldludnvuzifeaiunsiudamassosnaguuy NPN unlidl
Y1LUd (B) wazgnuvufidiedniunas Weldfunamiooyninvesuas uiefiiuninlnneu
(Photons) luuSuasnnneazvilfiAneynirdaseifiuszqluudnusesresenitauauay
Aoalanmes (Base-Collector Region) waglvnamileufingzualuadfivua viildAanseua

Tyasituy 3nvmeaaawes (O luudimes (F)

uo "
r t: - "
: H
2 L 4]
2 14 - -
AN35 PC817

Y

SU#l 2.29 Anydnwalmilviinvesgunsaideudeniauas vl NPN Optocoupler

u

+24VDC

(i
1

JUA 2.30 M3vhawinuges Optocoupler Weiinsminiivn B

|#AK
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o d d

2.12.1 lassaseduanealaunsniidaudaniauas

< ]

lassaiednydnunigunsalonsannuasasmeutugunsalusyinnnls urzifiy
gunsaldauasdurisafelalenaadunnsadnludnniisingulnlimsudamesaziin
lalearuasuaadunisadluBnnilafingld sauldnsudames gunsaiooulamdu

Aoty

et L |
| ———
_______________ ' s s sy s el
W mr ¢ - = 4 i - o
n. dganumani laniudmnns ¥, dyanuuoolTalalon
_______________ | RS e e |
=

%
|
|

- ¥ a s -
a. dyanuaeoilalnsuen 1. dyanwmen/Talauan

JUN 2.31 M39wineuves Optocoupler iafinsn3niivn B

Uagtugunsniiliensemauasgnasretuinluguvedled 6 vidafiunielu duduns

3 K

10uueadAduisn (LED Infared) dawmaiuovinaiuazidugunsaiussianinlivila

A9 Geflagununewy Widlalen



43

2.12.2 2995 uealldalivandiloedy

93Ut 232 Wuseslinudesdureseauldduiaes nefllalenamandy
duwn wazlnldnsiudawmesidutevinnvedneas ednszualvariu LED Tnedl Rl
Jushdrinnszua LED sxdeuadlufililinsudaines vililaldvsudanes dinseuad
usauetiyRAnasendl R2 Fsaziiuldinewinaensasazgnmunnlnedunn lasvidunn
wazienimaneniunislnilagduds 2asdfemhluldluesmununssfuunasingla

andslundasiulneviad 29asmuaulisindgs Jusy

— N '.
—(IF — O \_/ ]
470
+ Q
Y ]
-T- L]
il
I77 /77
sUit 2.32 2easldaeeuldfuivaniidoeu
2.13 99y

219l (Arduino) Ao lulnsaeulnsaiass sdauds FudunuuiiFenin Open-
Hardware namafie eglitlugunsaiffluuvdnyssneudusnasguidame wneaui
ausovieddaglduuuifinsameiluild vieannsatomldie fsagn fvevudls
uns annsmhlUldnunluvdowugsialslaglideademanand uguuuiifideya
wndigauuduinedidn msvaufite insedfegiminune warldfendeulusunsa
Tuguiuu Low Level mnemnud isnanunsaldmdadeulusunsuldiadoulusunsuniy
%qumﬂ Tneindodlefilddmsuidoulusunsuiife Arduino IDE (Arduino integrated

development environment (IDE))
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2.13.1 Arduino Uno R3

Arduino UNO R3 iluuesalulasneulnsiaeinsza AVR ifin1swWaiuiuuy Open-
Source Apdin1siALHETOY AN Hardware Uag Software AaussaldTu ATmega328p

Tvide4 5 Thas aunsaiieusefupauiimeslalaensakiu USB

2.13.1.1 dauUsenauanaasvas Aduino UNO R3

3.metn ICSP : A iy USE interface
4 wain /O

Anterrupt O

3nterrupt 1

114SP1) MOSI
-

124SP1) MISO
104SP1) S

0,1-Serial

® NN M NS
L [ b o

DICITAL (Pami~) F

g = =% ¥ i—. -
1.wofn USE it 2wme ~ ARDUINO

e
L I

y

=3

10.MCU : Atmegal6U2 o =

5.weda ICSP . Atmega32s
=3
e . e

2403 Power jack 7-12V

7.wode 1O

<L
a
vy
8.mo¥n Powar 9
5
<
<

JUT 2.33 daulsznaugnsawaseas Aduino Uno R3

1. UsBPort Tddmsuseriu Computer iiedninanlusunsudn MCU wazdnalwliiuuase
2. Reset Buttoni{Jutjy Reset Tnndlasasnisli McU Bunsvhauln

3. ICSP Port w94 Atmega16U2 ilumnasaiilélusunsy Visual Com port Ul Atmegal6U2
4. 1/OPort Digital 1/0 fausi1 DO F¢ D13 wanandl va Pin ey Adu Wiiuhude
W Pin0,1 1ww1 Tx,Rx Serial, Pin3,5,6,9,10 waz 11 iJuw PWM

5. ICSP Port: Atmega328 1Junasniilélusunsy Bootloader

6. MCU: Atmega328 t{u McU filduuuasa Arduino

7. 1/OPort: wonanazidu Digital 1/0 ud Suudsuiudesudyaaouiden fause Ao-
A5

8. Power Port: lidewasveiniiodasnisorelnlafuisasneuen Usenaudeun
Iides +33 V, +5V, GND, V,,

9. Power Jack: $ulnlann Adapter Ingflussduagsening 7-12 v
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10. MCU %84 Atmega16U2 181 MCU fivimindiidu USB to Serial Iy Atmega328 a¢
Anmanu Computer HIUAtmegal6U2
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UNN 3

ANSATUIULATDANLUU

3.1 $ANN1928NLUUTISIUTUNITANAD9DS

Tumsianuvesiidnsedns definszualninlnaniuludunainauiuuivgn
(Solidnoid) fivnanswasunundnazynisadsauuidmdniu Tnedeauuuslmdnaunga
yugussaUilfduasidiunugmiadoudl (Moving Contact) infleuflasuwdenfuniidura
AouLMAWEdRYRLazAnnIsALAn TN addindensasiaetaluldusedy
nsEuaaduTRae 220 Taadlunisyiey n59neasTn e RS dunn S1umErIaus It ume
lunsdlvesifnredsas imdnduiidemsutrsusesufivldnd dudasfnnodsas
LyNBDNAINAY

A
- X
T
AC(%) (’?) L 3 ~—Magnetic Contactor
M

(0) 1ASAIINSNAADUTY

U7 3.1 29I IMPERUIUEBLAN1IENITYNNUTBS Magnetic Contactor
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Tngmussduiivindudavessinseiasisueneanainiuldannisanusediudl Coil
V89 Magnetic Contactor aﬂﬂﬁu@ﬂﬂiLﬂﬁauLLUaaLLazﬁwmsi’mmLLﬁqﬁuLLasningamaa
UpLRasTiangNo load (VUM 1HP dPole 1400RPM) war Magnetic Contactor Tnod
wrasgvewawesiuunasane 3 waund lldvinnisanusesuatuasdisls iinisan
wseuiedludmves Coil w83 Magnetic contactor LLas@ﬂmﬂﬁauLmaq NAYDININAADY
annsauvseanliiiu 3 ane Aeanngmsihauund anmemhdudasmdnneessudy

wazanevthduiaminneaaaesnainiy

K

A1319% 3.1 N5UAELAN1IZN1TY1191UY89 Magnetic Contactor

ANNMENISYINNU anngmndudain | anentndulaEsiee

Uni Faraa99sisuduy #8299511ARaNNNAY
WS coil (V) 220 167.2 119.5
nseuait coil (A) 0.19 0.18 0.18

3.2 drulsznavveduiesines
Usenaumegasdinues DC-DC Converter wag DC-AC Inverter
DC-DC Converter Usgnausiudvsey ¢ diu
1. MAITMUANANUNINWAdvaIRaUIRT NS
2. WITTULDAWAYDIADULIDSIANDS
3. WITNY-Yakarnilauad
4. 219931389N LA
DC-AC Inverter Usgnausieneasetaiudiy Ae
1. 195MUANANUN B adTaBuIesines

2. WASTUNDANAVDIDUNIDTNDT
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3.3 YaNN15N1T0BNLUVEIUADULIDILADS

3.3.1 N159NLUUANITAIUANAIUNTIINAH

o s X

lod@ sG3525 Juladivmiidlunisaduduaunadivuenfiidaiaudng Tny

o @

Tnssadeesledavusenausmedinvesnasesadaainaidaradedygraiiudon a1n
A1SAIMUA Ry Wag Cr Lﬁaﬁﬂﬁm‘i‘ﬂuLﬁﬂuﬁwﬁmmmmuauﬁmmﬂ Error Amplifier lae
ﬁ’mugywmﬁ’aﬁﬁaaﬂmwLﬁmﬁuﬁm'aLﬁaﬁ’zysgmﬁuLﬁaaﬁmmm’lwmjﬂ'ﬁﬂﬁ‘mufymmmw
u,axLﬁa‘umﬂmaqﬁmmWMﬂawﬂmﬁﬁWﬁ’aﬁ%wuamLﬁu%u%ﬁamarﬁiamwm"jﬂwaaﬁaéﬁLmﬁwm

=

Feazliianavilodyyuaiuquilaniudusdamasdaniuninuesiadiening Gevedl

| as

Aanaudladyaumuauundyyiuiudes

VReF
)
% et ur,
e s Locx
out
[T ] TO INTERMAL
ao— | R
e, —ha OBCRLATOR
L R ew autrur
l.' o4
.
Fue
osc
€ L
15

Lo\
; 1.:{
i

sU#t 3.2 Tassaemeluvedled sG3525

= | =

Tunafgunsaldindaessiidsadunisinu lneasddrmilsiisausnngaria

' 9
QJ £ o £

lreundndagisuiienu fanainisdeiuseninegunsaiisassiaidoninanlng
danlniidesiuly agvildgunsaldndaiinssualusasigunsaldusndldWungn
dinsyuaisianisdeuiunisinnuvesueawn Tnslunisuiuananlniass 563525

f9rsanvnnsmlugui 3.3
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G-5143

(n)

400

300 {——dt— {1 //

200

L
WYa%

0.2 05 1 2 5 1

e crafnp
%
3nF
lar\‘\
3 N T
e i S|
OnF

—

0 50 T(ps)

JU# 3.3 N15A1UIAT Dead time control

aLanlviddesdiaegdondu 5 iweweslngd deuiadenldauanlng 2 ps

'
=1

Wana1suannsInNdalamanua uniuidanvidu 100 Q MUuAIfiRuIzau

Tunisimuansadunisyiiauvesaing

10K
A vd
\_| To.ur
|___ i = vref —1 + & 22uF
gl}q-'-{————— + Vi —T—s 4}
o outB —J j—c
Ss x % ve|—1
: ct 9 Gnd - :
100 Rt OutA -
Dis  Shutdown—“—¢%
8K e [ Sott Com

JU 3.4 Wasteunssiunssuansdlviiuviueuduiesines

wannmslunsmuauanuneiad Aldlunisnesesildled 563525 alindnnis

veude msthussiulniinssuanseideudimevnusuduiesie lwisuiteuduguadu

& =

Wuldeaflaaineedadataweas Av9ufianinug 40 Alaldsnd Fevrsvaausasdulndi
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nsguanssiitndeuarlinannisususisiumudiuailddeosgnsuon wazlivaswes
wssuagR 0 flv 3.2 Traa vilile Duty cycle Aaua 0% aufie 49%

U

N13AUUAATANUDDDATAANVDIINITABUNDSIADS ALAUNTT

1
/= C(0.7Rr+3R;)
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Rf
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3.6 LHUAINITHINIUYDITEUY

Susulusunsy

AwuaY A0 Wundune Sudygrueuiden
-AMuATT output Wuw e wiwanseiue 3

-IMUAYY input200,input180,input150 Wuwidunanseiu 7,8,9 smudsu

muasEusulil btstateo, btstatel, btstate2 agluanuy low

-fmunAn btstate0, btstatel, btstate2 81uAY1 input200,input180,input150 AMIERY

L)

Fudyynuduwaiin input200,input180,input150




No

No

Analog input = 380 (RaA sy 220 1as)

fmualien output W High

btstate0 1{u High

Analog_input <= 325 (As9u <=200 Tras)

sl output 1y Low

ivusliie output \u High

66



67

tstate1 1 high uae Analog input <= 280(A1LTIAU <=180 Tran

No

Yes

Avualvien output Wu Low

Amunlen Output Wu High

tstate1 10y high uwaz Analog input <= 220(Auseu <=150 lran

No

Avua el output Wy Low

fwualin Output Wy High

Btstate0, btstatel, btstate2 Wy Low

fmuslven Output Wy High
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int anlog_input = A,
int Output = 3;

int Input210 = 7,

int Input180 = 8§;

int Input150 = 9;

void setup() {
// put your setup code here, to run once:
Serial.begin(9600);
pinMode(Output,OUTPUT);
pinModel(lnput210,INPUT);
pinMode(Input180,INPUT);

pinMode(Input150,INPUT);

void loop() {
bool btState0 = LOW;
bool btStatel = LOW:

bool btState2 = LOW,

// put your main code here, to run repeatedly:

anlog_input = analogRead(A0);
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Serial.printlin(anlog_input);

btState0 = digitalRead(Input210);
btStatel = digitalRead(Input180);

btState2 = digitalRead(Input150);

Serial.println(btState0);
Serial.println(btState1);
Serial.println(btState2);
i
//  delay(500);
if (anlog_input == 380){
digitalWrite (Output, HIGH);}
else if(btState0 ==HIGH){
if (anlog_input <= 325 )
digitalWrite (Output, LOW);
Jelsef

digitalWrite (Output, HIGH);}

else if(btStatel ==HIGH){

if (anlog_input <= 280 )}
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digitalWrite (Output, LOW);
lelsef

digitalWrite (Output, HIGH);}

else if(btState2 ==HIGH){
if (anlog_input <= 220}
digitalWrite (Output, LOW);
lelsef
digitalWrite (Output, HIGH);}

}

if (btState0 == LOW && btStatel == LOW && btState2 == LOW )

digitalWrite (Output, HIGH);
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Pulse Width
Modulator Control Circuits

The SG3525A, SG3527A pulse width modulator control circuits offer
improved performance and lower external parts count when implemented for
controlling all types of switching power supplies. The on-chip +5.1 V
reference is trimmed to +1% and the error amplifier has an input
common—mode voltage range that includes the reference voltage, thus
eliminating the need for external divider resistors. A sync input to the
oscillator enables multiple units to be slaved or a single unit to be
synchronized to an external system clock. A wide range of deadtime can be
programmed by a single resistor connected between the CT and Discharge
pins. These devices also feature built—in soft—start circuitry, requiring only an
external timing capacitor. A shutdown pin controls both the soft—start circuitry
and the output stages, providing instantaneous turn off through the PWM
latch with pulsed shutdown, as well as soft-start recycle with longer
shutdown commands. The under voltage lockout inhibits the outputs and the
changing of the soft-start capacitor when V¢ is below nominal. The output
stages are totem—pole design capable of sinking and sourcing in excess of
200 mA. The output stage of the SG3525A features NOR logic resulting in a
low output for an off-state while the SG3527A utilized OR logic which gives a
high output when off.

® 8.0 Vto 35V Operation

® 51V +1.0% Trimmed Reference

® 100 Hz to 400 kHz Oscillator Range

® Separate Oscillator Sync Pin

® Adjustable Deadtime Control

® |nput Undervoltage Lockout

® | atching PWM to Prevent Multiple Pulses
® Pulse—by—Pulse Shutdown

® Dual Source/Sink Outputs: +400 mA Peak

Representative Block Diagram

16 Ve
Vret O To Internal —| l 13
v ‘g_‘ Reference Sircuty Under- |
cc Regulator Voltage I Output A
12 Lockout
Ground

4 =
0SC Outpyt O——————————

_ 3

Syne O] FFo—
RT O——— Oscillator Q
cT 05 ._' Output B
T
Discharge O——‘ 5 R =
) = T & | _ _SG3525A uputStage _|
Compensation 01— : :PWM Latch | S ve ’
INV, Input 02— ik S | Oulput A |
Noninv. Input B VREF I O 11 |
Csoft-start [ |
— 0 50k | Qutth |
Shutdown O——"W\A—— 5.0k I l
14
= | SG352TA |
- L Qutput Stage
< |

Order this document by SG3525A/D

SG3525A
SG3527A

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

SEMICONDUCTOR
TECHNICAL DATA

1’* N SUFFIX
PLASTIC PACKAGE
16 CASE 648

DW SUFFIX

/ PLASTIC PACKAGE
16 W CASE 751B
1 (SO-16L)

PIN CONNECTIONS

E Vref

15 | vee
E Output B

Inv. Input | 4

0SC. Output | 4 E Ve
Ctl s E Ground
RT| 6 11 | Output A

E Shutdown
zl Compensation

Discharge | 7
Soft-Start | 8

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
SG3525AN Plastic DIP
SG3525ADW | Tp =0°to +70°C SO-16L
SG3527AN Plastic DIP
© Motorola, Inc. 1996 Rev 2
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MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -0.3to +5.5 Vv
Analog Inputs -0.3to Vg \
Output Current, Source or Sink lo 500 mA
Reference Output Current Iref 50 mA
Oscillator Charging Current 510 mA
Power Dissipation (Plastic & Ceramic Package) Pp mw
Ta = +25°C (Note 2) 1000
Tc = +25°C (Note 3) 2000
Thermal Resistance Junction—to—Air RgJA 100 C/w
Thermal Resistance Junction-to—Case RoJc 60 ‘C/W
Operating Junction Temperature T +150 °C
Storage Temperature Range Tstg -551t0 +125 °C
Lead Temperature (Soldering, 10 seconds) Tsolder +300 °C

NOTES: 1. Values beyond which damage may occur.
2. Derate at 10 mW/°C for ambient temperatures above +50°C.
3. Derate at 16 mW/°C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Ve 4.5 35 Vdc
Output Sink/Source Current lo mA
(Steady State) 0 +100
(Peak) 0 +400
Reference Load Current Iref 0 20 mA
Oscillator Frequency Range fosc 0.1 400 kHz
Oscillator Timing Resistor RT 20 150 kQ
Oscillator Timing Capacitor CT 0.001 0.2 uF
Deadtime Resistor Range Rp 0 500 Q
Operating Ambient Temperature Range TA 0 +70 °C

APPLICATION INFORMATION

Shutdown Options (See Block diagram, front page)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100 pA to turn off the outputs. This is subject to
the added requirement of discharging whatever external
capacitance may be attached to these pins.

An alternate approach is the use of the shutdown circuitry
of Pin 10 which has been improved to enhance the available
shutdown options. Activating this circuit by applying a
positive signal on Pin 10 performs two functions: the PWM

latch is immediately set providing the fastest turn—off signal to
the outputs; and a 150 A current sink begins to discharge
the external soft—start capacitor. If the shutdown command is
short, the PWM signal is terminated without significant
discharge of the soft-start capacitor, thus, allowing, for
example, a convenient implementation of pulse-by—pulse
current limiting. Holding Pin 10 high for a longer duration,
however, will ultimately discharge this external capacitor,
recycling slow turn—on upon release.

Pin 10 should not be left floating as noise pickup could
conceivably interrupt normal operation.

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vig = +20 Vdc, Ta = Tjow to Thigh [Note 4], unless otherwise noted.)

Characteristics | Symbol l Min | Typ | Max | Unit |
REFERENCE SECTION
Reference Output Voltage (T = +25°C) Vief 5.00 5.10 5.20 Vdc
Line Regulation (+8.0 V<V £+35 V) Regjine - 10 20 mV
Load Regulation (0 mA <[ <20 mA) Regjpad - 20 50 mV
Temperature Stability AV(gf/AT - 20 - mV
Total Output Variation AVref 4.95 - 5.25 Vdc
Includes Line and Load Regulation over Temperature
Short Circuit Current Isc - 80 100 mA
(Vref =0V, Ty =+25°C)
Output Noise Voltage (10 Hz <f <10 kHz, T = +25°C) Vn - 40 200 UWrms
Long Term Stability (Tj = +125°C) (Note 5) S B 20 50 mV/khr
OSCILLATOR SECTION (Note 6, unless otherwise noted.)
Initial Accuracy (T = +25°C) - +2.0 6.0 %
Frequency Stability with Voltage Afgse - +1.0 +2.0 %
(+8.0 V<V £+35 V) D vee
Frequency Stability with Temperature AMose - +0.3 - %
D7
Minimum Frequency (R = 150 k€, C1 = 0.2 pF) fmin - 50 - Hz
Maximum Frequency (RT = 2.0 kQ, CT = 1.0 nF) fmax 400 - - kHz
Current Mirror (IRT = 2.0 mA) 1. 20 2.2 mA
Clock Amplitude 3.0 3:5 - \
Clock Width (T j = +25°C) 0.3 05 1.0 us
Sync Threshold 1.2 2.0 2.8 \%
Sync Input Current (Sync Voltage = +3.5 V) - 1.0 25 mA
ERROR AMPLIFIER SECTION (Vgpm = +5.1V)
Input Offset Voltage Vio - 2.0 10 mv
Input Bias Current B - 1.0 10 HA
Input Offset Current llo - - 1.0 HA
DC Open Loop Gain (R =10 MQ) AyoL 60 75 - dB
Low Level Output Voltage VoL - 0.2 0.5 \
High Level Output Voltage VoH 3.8 5.6 - \
Common Mode Rejection Ratio (+1.5V < Vgp £ +5.2 V) CMRR 60 75 = dB
Power Supply Rejection Ratio (+8.0 V <V £ +35 V) PSRR 50 60 - dB
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin - - 0 %
Maximum Duty Cycle DCmax 45 49 - %
Input Threshold, Zero Duty Cycle (Note 6) Vih 0.6 0.9 - \
Input Threshold, Maximum Duty Cycle (Note 6) Vih - 33 36 \%
Input Bias Current =3 - 0.05 1.0 HA

NOTES: 4, Tioy = 0° for SG3525A, 3527A  Thigh = +70°C for SG3525A, 3527A

5. Since long term stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability

from lot to lot.
6. Tested at fog; = 40 kHz (R = 3.6 k@ C1 = 0.01 uF, Rp = 0Q).

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Continued)

Characteristics I Symbol | Min I Typ I Max | Unit 1
SOFT-START SECTION
Soft-Start Current (Vghytdown = 0 V) 25 50 80 UA
Soft-Start Voltage (Vshutdown = 2.0 V) - 0.4 0.6 Y
Shutdown Input Current (Vghutdown = 2.5 V) - 04 1.0 mA
OUTPUT DRIVERS (Each Output, Vo = +20 V)
Output Low Level VoL v
(Isink = 20 MA) - 0.2 0.4
(Isink = 100 mA) = 10 2.0
Output High Level VoH V
(lsourca = 20 MA) 18 19 =
(Isource = 100 mA) 17 18 -
Under Voltage Lockout (V8 and V9 = High) VuL 6.0 7.0 8.0 \
Collector Leakage, Vi = +35 V (Note 7) IC(leak) - - 200 HA
Rise Time (C|_=1.0 nF, Tj = 25°C) ty - 100 600 ns
Fall Time (C_ = 1.0 nF, Tj = 25°C) t - 50 300 ns
L J f
Shutdown Delay (Vpg = +3.0V, Cg =0, Tj = +25°C) tds - 0.2 0.5 us
Supply Current (Vo = +35 V) Icc - 14 20 mA
NOTE: 7. Applies to SG3525A only, due to polarity of output pulses
Lab Test Fixture
T i
Vv
@ L + 16¢ | Reference Regulator { $15 , © Vee
Lor | | ‘ | g
Clock L™ | ' e
1 = 4 Flip/ (£
o & p v
§ I Flop [ | 01 ¢
3.0k T syne I 7 I II .
PWM O ? —3\? (5) 111 T OutA
ADJ. aa -
1.0k = | c A | Qo
‘f ﬁ% i I o—4
|
Deadtime | | | 1.0k, 1.0W ¢}
1.5k 4 = | Ok, 1. |
0.009 Ramp i t I (2) o—
——o })_ | 1o 54 (r; ] s
o | b \ 114 L
B ¢ =
0.1 T 0.001 | ‘ 7 98—0
Comp { =
E f
10k ol L1z Gnd
1=Vipo I
2=1(+) 0.01 T | L
3? (CEN = | 50uA
2 I S
- o, O
| o3
Vil Meter — T
Q _lerTa
o3 13,
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Figure 1. Oscillator Charge Time versus RT
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Figure 2. Oscillator Discharge Time versus Rp
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Figure 7. SG3525A Output Circuit
(1/2 Circuit Shown)

S o Ve

Q6 Omitted
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Clock FIF PWM

Figure 8. Single—-Ended Supply
[0}

Figure 9. Push—Pull Configuration

o -
+Vsupply To Output Filter “Vsupply .
C1
b 13
Ve i T1
A Q1
13 i H
Ve 11 1
Afo— SG3525A C2
SG3525A 14 14
—o—¢ B Q2
& Gnd R3
Gnd

For single-ended supplies, the driver outputs are grounded. In conventional push—pull bipolar designs, forward base drive is
The Vg terminal is switched to ground by the totem-pole

controlled by R1-R3. Rapid turn-off times for the power
source transistors on alternate oscillator cycles. devices are achieved with speed-up capacitors C1 and C2.

Figure 11. Driving Transformers in a

Figure 10. Driving Power FETS Half-Bridge Configuration

9 * o
+Vsupply +V5UPP|Y
13 Q1 i
11 13 1
VC A H VC A 1 °
SG3525A - SG3525A "
14 B
Gnd B :1 Gnd
12 = 12
G L ]
i

The low source impedance of the output drivers provides Low power transformers can be driven directly by the SG3525A.
rapid charging of power FET input capacitance while Automatic reset occurs during deadtime, when both ends of the
minimizing external components. primary winding are switched to ground.
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 648-08
ISSUE R e
. (=A-] o 1. DIMENSIONING AND TOLERANCING PER ANS
Y14.5M, 1982.
honnnnmd 2. CONTROLLING DIMENSION: INCH.
16 o] 1} 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH
1 sl ¥ 5 ROUNDED CORNERS OPTIONAL.
Ao LA L) B LI AL] INCHES | MILLIMETERS
’I L E | DM [ MIN_| MAX | MIN | MAX
—C e« L— A | 0.740 | 0.770 | 18.80 | 19.65
| B | 0250 | 0270 | 635 | 6.5
s C | 0.145 | 0.175 | 360 | 444
7 \ D | 0.015 | 0.021 | 039 | 053
SEATING F 0040 | O70 | 102 | 177
f : PLANE G | 0.1008sc 254 B5C
JE N | | L I H | 0050BSC 1.27BSC
H | =K J L~ M J_| 0.008 | 0015 | 021 | 038
Gl K | 0110 | 0130 | 280 | 330
L | 0295 | 0305 | 750 | 774
D 16 PL M 0°| 10° 0°] 10°
(@] 0.250010)@[T][A @] s | o020 | o040 [ 0511 1ot
DW SUFFIX
PLASTIC PACKAGE
CASE 751B-05
(SO-16L)
ISSUE J
NOTES:

1I:I_FI_ H_H_H_H_H_I;I

©) 8
Hjl_l]:l;l:l _H H HH
G

=T

. DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1982,

. CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE

| MOLD PROTRUSION.
Eal 4. MAXIMUM MOLD PROTRUSICN 0.15 (0.006)
{ ‘$| 0.25 (0010)@’ B @| PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 {0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

i
o “JL* D 16 PL ﬁ

[©]0250010®@[1]8 ®[A®]

MAXIMUM MATERIAL CONDITION.
MILLIMETERS | INCHES

_J L_ | DM [ MIN_| MAX | _MIN | MAX

F A | 980 | 1000 | 0.386 | 0.393

"— R x 450 B | 380 | 400 [ 0.150 | 0157

C | 135 | 1.75 | 0.054 | 008

c j%, D | 035 | 049 | 0.014 | 0010

F_| 040 | 125 | 0.0%6 | 0049
3 ,% G | 127BsC 0.050BSC

M J J | 018 | 025 | o008 [ 0008

K | 010 | 025 | 0.004 | 0000

M 0°] 7°] o0°] 1°

P_| 580 | 620 | 0228 | 02#4

R | 025 | 050 | 0010 | 0018
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and dovary in different applications and actual performance may vary overtime. Alloperating parameters, including “Typicals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or forany other application in which the failure of the Motorola product could create a situation where personal injury
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OP07C, OP0O7D, OPO7Y

PRECISION OPERATIONAL AMPLIFIERS

SLOS099B - OCTOBER 1983 - REVISED AUGUST 1996

® Low Noise

D OR P PACKAGE

® No External Components Required (RaFNIEw)

® Replaces Chopper Amplifiers at a Lower OFFSET N1[] 1 o 8 [] OFFSET N2
Cost IN—] 2 70 Vee +

® Single-Chip Monolithic Fabrication IN+[] 3 6 |] OUT

® Wide Input Voltage Range Vee-[} 4 5[] NC

0to+14 V Typ
® Wide Supply Voltage Range

NC—No internal connection

+3Vto+18 V symbol
® Essentially Equivalent to Fairchild uA714 OFFSETN1 _1
Operational Amplifiers i 3
@® Direct Replacement for PMI OP07C and . 6
OPO7D 5 out
IN - =
8
description OEPEET Nz

These devices representa breakthrough in operational ampilifier performance. Low offset and long-term stability
are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most
applications, external components are not required for offset nulling and frequency compensation. The true
differential input, with a wide input voltage range and outstanding common-mode rejection, provides maximum
flexibility and performance in high-noise environments and in noninverting applications. Low bias currents and
extremely high input impedances are maintained over the entire temperature range. The OP07 is unsurpassed
for low-noise, high-accuracy amplification of very low-level signals.

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
Vigmax CHIP FORM
Ta AT 25°C SMALL OUTLINE PLASTIC DIP )
(D) (P)
0°C to 70°C 150 pVv gig;gg 8E8;g§ —

The D package is available taped and reeled. Add the suffix R to the device type (e.g., OPO7CDR). The chip
form is tested at Tp = 25°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. [ EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



OP07C, OPO7D, OP07Y
PRECISION OPERATIONAL AMPLIFIERS

SLOS099B — OCTOBER 1983 — REVISED AUGUST 1996
OPO07Y chip information

These chips, properly assembled, display characteristics similar to the OP07. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

(1) Vee+
OFFSET N1
= N (7)
= NP C)
= (6)
= ouT
= i 1B
OFFSET N2 (8) (
Vee -

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax =150°C

TOLERANCES ARE £ 10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

AR A R AN

L

{’P TeExAs
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



schematic

OP07C, OP07D, OPO7Y

PRECISION OPERATIONAL AMPLIFIERS

SLOS099B — OCTOBER 1983 — REVISED AUGUST 1996

i
Vee +

3
1 >
S

¥

LS

OFFSET N1

OFFSET N2 _8

=

d

At

it

COMPONENT COUNT

Resistors 28

Y/ TT
AN

F N\

Transistors 39
Capacitors <4

ouT

4
Vee -

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vops (SeeNOte 1) o v vw e van sas saims swsn soe 8 o5 605 & 5005 8650 T80 5 5 5 0otk e o o5 - 22V
SUPPY VOUBEE, VIGIE_ v s cin vivis § 605 5 5908 9655 K08 545 5 £000.8 158 & +100m un maness susisns soms 5 sore 8 sgss somss o s =22V
Differential input voltage (see NOte 2) . ... .. i +30V
Input voltage, V| (either input, see Note 3) .. ... .. 22V
Duration of output short circuit (see Note 4) ............. . .. . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) ................ 500 m\W
Operating free-air temperature range, Ta ... .ottt e e 0°C to 70°C

Storage temperatUre TANGE: v cvs s s s s o v s v ¥ 0w § 0505 555 550 4 £33 545 5 6as sim = ous

—65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C
NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between Vo + and Ve — .
2. Differential voltages are at IN+ with respect to IN—.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4. The output may be shorted to ground or either power supply.
5. For operation above 64°C free-air temperature, derate the D package to 464 mW at 70°C at the rate of 5.8 mW/°C.
recommended operating conditions
MIN  MAX | UNIT
Supply voltage, Voot +3 +18 \
Common-mode input voltage, V|c Veg+=%15V -13 13 \
Operating free-air temperature, Ta 0 70 °C
:’.
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3
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operating characteristics, Vog+ =215V, Tp = 25°C

OP07C, OP0O7D, OP07Y
PRECISION OPERATIONAL AMPLIFIERS

SLOS0899B — OCTOBER 1983 - REVISED AUGUST 1996

PARAMETER ity il gl UNIT
CONDITIONST MIN TYP MAX| MIN TYP MAX
f=10Hz 10.5 10.5
Vn Equivalent input noise voltage f=100 Hz 10.2 10.3 nviHz
f=1kHz 9.8 9.8
VN(PP) Peak-to-peak equivalent input noise voltage f=0.1Hzto 10 Hz 0.38 0.38 uv
f=10Hz 0.35 0.35
In Equivalent input noise current f=100 Hz 0.15 0.15 pANE
f=1kHz 0.13 0.13
IN(PP)  Peak-lo-peak equivalent input noise current f=0.1Hzto 10 Hz 15 15 pA
SR Slew rate RL =22 kQ 0.3 0.3 Vius
T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted.
electrical characteristics, Voc+ =215V, Tp = 25°C (unless otherwise noted)
OPO7Y
PARAMETER TEST CONDITIONST T ]
Vio Input offset voltage Rg =50 Q 60 150 pv
Long-term drift of input offset voltage See Note 6 0.5 uVimo
Offset adjustment range Rg =20 k€, See Figure 1 +4 mV
llo Input offset current 0.8 6 nA
B Input bias current +2 +12 nA
VIicr Common-mode input voltage range +13 +14 \
Rl €10 kQ +42  #13
Vom Peak output voltage RL=2kQ 115 £12.8 \
R €1 kQ +12
) ) ) P Vec+=13V, Vpo=205V, R <500 kQ 400
AvD Large-signal differential voltage amplification
Vo =%10V, RL = 2kQ 120 400
B Unity-gain bandwidth 0.4 0.6 MHz
r Input resistance T 31 MG
CMRR Common-mode input resistance Vic=+13V, Rg=50Q 94 110 dB
ksys  Supply-voltage rejection ratio (AVcc/AV|Q) Vec+ =13 Vio 218V, Rg =50Q 7 32| pvv
L Vo =0, No load 80 150
Pp Power dissipation MQ
Vee+=43V, Vp =0, No load 4 8
NOTE 6: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a warranty.

Itis an engineering estimate of the averaged trend line of drift versus time over extended periods after the first thirty days of operation.

{'? TeEXASs
INSTRUMENTS
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OP07C, OP0O7D, OPO7Y
PRECISION OPERATIONAL AMPLIFIERS

SLOS099B — OCTOBER 1983 — REVISED AUGUST 1996

operating characteristics, Voc+ =115V, T =25°C

PARAMETER TEST CONDITIONST el UNIT
MIN  TYP MAX
=10 Hz 10.5
Vi Equivalent input noise voltage f=1kHz 10.3 nviVHAzZ
f=0.1Hzto10 Hz 9.8
VN(Pp) Peak-to-peak equivalentinput noise voltage f=0.1Hzto 10 Hz 0.38 nv
f=10Hz 0.35
In Equivalent input noise current f=100 Hz 0:15 pANm
f=1kHz 0.13
IN(PP)  Peak-to-peak equivalent input noise current f=0.1Hzto10 Hz 15 pA
SR Slew rate RL=2kQ 0.3 Vius

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise noted.

APPLICATION INFORMATION

Vece-

Figure 1. Input Offset Voltage Null Circuit

*’? Texas
INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TlI's publication of information regarding any third
party's products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright @ 1998, Texas Instruments Incorporated



International
IGR Rectifier

Data Sheet No. PD-6.030C

IR2113

HIGH AND LOW SIDE DRIVER

Product Summary

Features

® Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dv/dt immune
B Gate drive supply range from 10 to 20V
B Undervoltage lockout for both channels
B Separate logic supply range from 5 to 20V
Logic and power ground +5V offset
B CMOS Schmitt-triggered inputs with pull-down
® Cycle by cycle edge-triggered shutdown logic
B Matched propagation delay for both channels

B Qutputs in phase with inputs

Description

The IR2113 is a high voltage, high speed power
MOSFET and IGBT driver with independent high and
low side referenced output channels. Proprietary
HVIC and latch immune CMQOS technologies enable
ruggedized monolithic construction. Logicinputs are
compatible with standard CMOS or LSTTL outputs.
The output drivers feature a high pulse current buffer
stage designed for minimum driver cross-conduc-
tion. Propagation delays are matched to simplify
use in high frequency applications. The floating
channel can be used to drive an N-channel power
MOSFET or IGBT in the high side configuration
which operates up to 600 volts.

Typical Connection

VOFFSET
lo+/-
Vourt

ton/off (typ.)
Delay Matching

600V max.
2A [ 2A
10 - 20V
120 & 94 ns
10 ns

Packages

— HO —| | Ea .
Voo Voo Y . MA— ]
HINo—— HIN Vg —4 ° 10
SD o sD — & JLOAD
LIN® LIN Vee 2
Ve © Ves  COM [ | 59
Vee o—| — ~ LO S s~

CONTROL INTEGRATED CIRCUIT DESIGNERS' MANUAL  B-61



IR2113

Infernational
IGR Rectifier

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Parameter Value
Symbol Definition Min. Max. Units
Vg High Side Floating Supply Voltage -0.3 625
Vg High Side Floating Supply Offsel Voltage VB - 25 Vg + 0.3
VHo High Side Floating Output Voltage Vg-0.3 Vg +0.3
Vee Low Side Fixed Supply Voltage -0.3 25 v
Vio Low Side Output Voltage -0.3 Ve + 0.3
Vbp Logic Supply Voltage -0.3 Vgs + 25
Vss Logic Supply Offset Voltage Ve - 25 Vee +0.3
VIN Logic Input Voltage (HIN, LIN & SD) Vgs - 0.3 Vpp +0.3
dVg/dt Allowable Offset Supply Voltage Transient (Figure 2) —_ 50 V/ins
Pp Package Power Dissipation @ Ta < +25°C (14 Lead DIP) — 1.6
(14 Lead DIP w/o Lead 4) - 1.5 W
(16 Lead DIP w/o Leads 5 & 6) —- 16
(16 Lead SOIC) — 1.26
ReJa Thermal Resistance, Junction to Ambient (14 Lead DIP) — 75
(14 Lead DIP w/o Lead 4) — 85 /W
(16 Lead DIP w/o Leads 5 & 6) — 75
(16 Lead SOIC) — 100
Ty Junction Temperature — 150
Ts Storage Temperature -55 150 °C
TL Lead Temperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions
The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset ratings are tested with all supplies biased at 15V differential.
Typical ratings at other bias conditions are shown in Figures 36 and 37.

Parameter Value
Symbol Definition Min. Max. Units
VB High Side Floating Supply Absolute Voltage Vg + 10 Vg + 20
Vs High Side Floating Supply Offset Voltage Note 1 600
VHo High Side Floating Output Voltage Vs Ve
Vco Low Side Fixed Supply Voltage 10 20 i
Vio Low Side Output Voltage 0 Vee
Vbb Logic Supply Voltage Vgg + 5 Vgg + 20
Vss Logic Supply Offset Voltage -5 5
VIN Logic Input Voltage (HIN, LIN & SD) Vss Vbp
Ta Ambient Temperature -40 125 G

Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vgs.

B-62
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International
IGR Rectifier

IR2113

Dynamic Electrical Characteristics

Veias (Vcc, VBs, Vbp) = 15V, CL = 1000 pF, Ta = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Parameter Value
Symbol Definition Figure | Min. | Typ. |Max.| Units | Test Conditions

ton Turn-On Propagation Delay 7 — 120 | 150 Vg =0V

toff Turn-Off Propagation Delay 8 - 94 125 Vg =600V

tsd Shutdown Propagation Delay 9 — 110 | 140 - Vg = 600V

tr Turn-On Rise Time 10 — 25 35

t Turn-Off Fall Time 11 — 1.F 25

MT Delay Matching, HS & LS Turn-On/Off - — — 10 Figure 5

Static Electrical Characteristics

VBias (Mce. VBs, Vpp) = 15V, Tp = 25°C and Vgg = COM unless otherwise specified. The V|y, VTH and |y parameters
are referenced to Vggs and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and o parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Parameter Value
Symbol Definition Figure | Min. | Typ. [ Max.| Units | Test Conditions
VIH Logic “1" Input Voltage 12 9.5 = —
ViL Logic “0" Input Voltage 13 — — 6.0 v
VoH High Level Output Voltage, Vgias - Vo 14 — — 1.2 lo = 0A
VoL Low Level Output Voltage, Vo 15 — — 0.1 lo = 0A
ILK Offset Supply Leakage Current 16 — — 50 VB = Vs =600V
laBs Quiescent Vgg Supply Current il — 125 | 230 Vin =0V orVpp
lace Quiescent Vee Supply Current 18 - 180 | 340 " VIN =0V or Vpp
lapD Quiescent Vpp Supply Current 19 — 15 30 H ViN =0V or Vpp
lIN+ Logic *1" Input Bias Current 20 — 20 40 VIN = VDD
IIN- Logic “0" Input Bias Current 21 = — | 1.0 ViN = 0V
VBsUV+ VBs Supply Undervoltage Positive Going 22 7.5 8.6 9.7
Threshold
VBSUV- VBs Supply Undervoltage Negative Going 23 7.0 8.2 94
Threshold v
Vecouw+ Vce Supply Undervoltage Positive Going 24 7.4 8.5 9.6
Threshold
Veouw Vce Supply Undervoltage Negative Going 25 7.0 8.2 9.4
Threshold
lo+ Output High Shart Circuit Pulsed Current 26 20 25 — Vo =0V,VIN=VDD
B PW <10 ps
lo- Output Low Short Circuit Pulsed Current 27 2.0 25 —_ Vo =15V VIN= 0V
PW <10 us

CONTROL INTEGRATED CIRCUIT DESIGNERS: MANUAL
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IR2113

Infernational
ToR Rectifier

Functional Block Diagram

7 DETECT.
v
FILTER

ol 21

ol
o i}
(@]

HIN f bty |
I { SHIFT | PULSE _|E Vg
[ =l GEN I |
(=
|
! I
= |
VDD"VCC I
LIN o 0— LEVEL
| b S . SHIFT —I I o
ol R Q :
Vss*j_ COM
L I
L 2
Lead Definitions
Lead
Symbol | Description
VpD Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Vg High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
=] Ho [B =] Ho [8]
(] HO [71] =] HO [7] [ig] va [7] [ig] ve [T]
(=] voo ve [E] =] voo ve [&] [T} voo vs [£] [} voo vs [E]
(1] Hin vs [ 5] [1a] Hin vs [5] [iz] Hin [0z} Hin —]
[ so 4] [T so [3] so [1z] so =]
[z] un vee [3] [Z] un vee [3] ] un vee [3] 4] uN vee [2]
[13] vss com [2] [13] vss com [2] [15] vss coM [7] [g] vss com [Z]
[7] ~ Lo 1] [14] ~ Lo ] 13 —~ Lo ] [18] —~ Lo ]
14 Lead DIP 14 Lead DIP w/o Lead 4 |16 Lead DIP w/o Leads 4 & 5| 16 Lead SOIC (Wide Body)
IR2113 IR2113-1 IR2113-2 IR2113S

Part Number
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TGR Rectifier

IR2113

Device Information

Process & Design Rule

HVDCMOS 4.0 um

Transistor Count

220

Die Size

98 X 126 X 26 (mil)

Die Outline

Thickness of Gate Oxide 800A
Connections Material Poly Silicon
First Width 4 um
Layer Spacing 6 um
Thickness 5000A
Material Al - Si (Si: 1.0% £0.1%)
Second Width 6 um
Layer Spacing 9 um
Thickness 20,000A
Contact Hole Dimension 8 um X 8 um
Insulation Layer Material PSG (SiOg)
Thickness 1.5um
Passivation Material PSG (SiO3)
Thickness 1.5um
Method of Saw Full Cut
Method of Die Bond Ablebond 84 - 1
Wire Bond Method Thermo Sonic
Material Au (1.0 mil /1.3 mil)
Leadframe Material Cu
Die Area Ag
Lead Plating Pb:Sn (37 :63)
Package Types 14 & 16 Lead PDIP / 16 Lead SOIC
Materials EMEB6300/MP150 / MP190
Remarks:

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL
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IGR Rectifier
VCG — 15V HV = 10to 600V
o
IL_‘I‘—1 ¢ Lo i ]10@6[ :
It n 1 200 &
HIN I 5 4 = WH 10KF5£ 100
LN % :
| oH)

+— 1 IR2113 [ | iV
- " 1 10KF6 i = >50 Wns
OUTPUT
—ee MONITOR -
HO 13 2 I JL
mrazo \ [
LO

Figure 1. Input/Output Timing Diagram

Figure 2. Floating Supply Voltage Transient Test Circuit

Vg = 15V
cc
?
Lid Los o%
o g | ol Lo .
9 3 ] u.le'_‘jtnF WE\V
O — ? T J_ (mvssoov;
(]
g A ) i
SDO——— IR2113 1 IyF
12 Lo =
LN o——— fCLO
132 B

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Waveform Definition

L LO HO
50%
10%
t
o MT MT
0,
o

LO HO

Figure 3. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions
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Figure 9A. Shutdown Time vs. Temperature

Temperalure (°C)

Vaias Supply Voltage (V)

TGR Rectifier IR2113
250 250
= 200
200 —= [
£ ] £ ¥ S
- -1
= -l > P —d
= Max |l L—] kS [T T~
a a ]
& 100 Thr—— S 100
E E
E g
2 =
50 50
0 0
-50 -25 0 25 50 75 100 125 10 12 14 16 18 20
Temperature (°C) Veins Supply Voltage (V)
Figure 7A.Turn-On Time vs. Temperature Figure 7B. Turn-On Time vs. Voltage
250 250
200 200
z E
vt Max.
£ 150 £ 150 e
- S
iy ! = -
T — ] Typ ey
a Max L —] [ ] - b
& 100 = — S 100 .
50 50
0 0
-50 -25 25 50 10 16 18
Temperature (°C) Vaias Supply Voltage (V)
Figure 8A. Turn-Off Time vs. Temperature Figure 8B.Turn-Off Time vs.Voltage
250 250
200 200
—_ Max
£ £ ™~
E 150 — £ 150
) = / ; Iri"‘"-—-— ey -
T 5 ~ -
z e - L — % — N Rt
£ 100 15— & 100 "
& &
50 50
0 0
-50 -25 25 50 10 16 18

Figure 9B. Shutdown Time vs. Voltage
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Data Sheet

Super Voltage Converter

The ICL7660S Super Voltage Converter is a monolithic
CMOS voltage conversion IC that guarantees significant
performance advantages over other similar devices. Itis a
direct replacement for the industry standard ICL7660 offering
an extended operating supply voltage range up to 12V, with
lower supply current. No external diode is needed for the
ICL7660S. In addition, a Frequency Boost pin has been
incorporated to enable the user to achieve lower output
impedance despite using smaller capacitors. All
improvements are highlighted in the “Electrical Specifications”
section on page 3. Critical parameters are guaranteed over
the entire commercial, industrial and military temperature
ranges.

The ICL76608S performs supply voltage conversion from
positive to negative for an input range of 1.5V to 12V,
resulting in complementary output voltages of -1.5V to -12V.
Only 2 non-critical external capacitors are needed for the
charge pump and charge reservoir functions. The ICL7660S
can be connected to function as a voltage doubler and will
generate up to 22.8V with a 12V input. It can also be used as
a voltage multiplier or voltage divider.

The chip contains a series DC power supply regulator, RC
oscillator, voltage level translator, and four output power
MQOS switches. The oscillator, when unloaded, oscillates at a
nominal frequency of 10kHz for an input supply voltage of
5.0V. This frequency can be lowered by the addition of an
external capacitor to the “OSC” terminal, or the oscillator
may be over-driven by an external clock.

The “LV" terminal may be tied to GND to bypass the internal
series regulator and improve low voltage (LV) operation. At
medium to high voltages (3.5V to 12V), the LV pin is left
floating to prevent device latchup.

Pinout

ICL7660S
(8 LD PDIP, SOIC)
TOP VIEW

W/

BoosT [1] (8] v+
cAP+ [2] 7] osc
GND [3] 6] Lv

CcAP- [2 5] Vour

ICL7660S

FN3179.5

March 6, 2008

Features

» Guaranteed Lower Max Supply Current for All
Temperature Ranges

« Wide Operating Voltage Range 1.5V to 12V
* 100% Tested at 3V

= No External Diode Over Full Temperature and Voltage
Range

= Boost Pin (Pin 1) for Higher Switching Frequency
= Guaranteed Minimum Power Efficiency of 96%

* Improved Minimum Open Circuit Voltage Conversion
Efficiency of 99%

+ Improved SCR Latchup Protection
+ Simple Conversion of +5V Logic Supply to £5V Supplies
» Simple Voltage Multiplication VoyT = (-)nV|N

« Easy to Use - Requires Only 2 External Non-Critical
Passive Components

« Improved Direct Replacement for Industry Standard
ICL7660 and Other Second Source Devices

» Pb-Free Available (RoHS Compliant)

Applications
« Simple Conversion of +5V to +5V Supplies
* Voltage Multiplication Vo1 = £nV|y

» Negative Supplies for Data Acquisition Systems and
Instrumentation

« RS232 Power Supplies
= Supply Splitter, VoyT1 = tVg/2

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or1-888-468-3774 | Intersil (and design) is a registered trademark of Intersil Americas Inc.

Copyright @ Intersil Americas Inc. 2004, 2005, 2008. All Rights Reserved
All other trademarks mentioned are the property of their respective owners.



ICL7660S

Ordering Information

TEMP. RANGE

PART NUMBER PART MARKING (°C) PACKAGE PKG. DWG. #
ICL7660SCBA 7660 SCBA 0to +70 8 Ld SOIC M8.15
ICL7660SCBA-T 7660 SCBA 0to +70 8 Ld SOIC Tape and Reel M8.15
(Note 3)
ICL7660SCBAZ 7660 SCBAZ 0to +70 8 Ld SOIC M8.15
(Note 1) (Pb-free)
ICL7660SCBAZ-T 7660 SCBAZ 0to +70 8 Ld SOIC Tape and Reel M8.15
(Notes 1, 3) (Pb-free)
ICL7660SCPA 7660S CPA Oto +70 8 Ld PDIP E8.3
ICL7660SCPAZ 7660S CPAZ 0to +70 8 Ld PDIP* E8.3
(Note 1) (Pb-free)
ICL7660SIBA 7660 SIBA -40 to +85 8 Ld SOIC M8.15
ICL7660SIBAT 7660 SIBA -40to +85 8 Ld SOIC Tape and Reel M8.15
(Note 3)
ICL7660SIBAZ 7660 SIBAZ -40 to +85 8 Ld SQIC M8.15
(Note 1) (Pb-free)
ICL7660SIBAZT 7660 SIBAZ -40 to +85 8 Ld SOIC Tape and Reel M8.15
(Notes 1, 3) (Pb-free)
ICL7660SIPA 7660 SIPA -40 to +85 8 Ld PDIP E8.3
ICL7660SIPAZ 7660S IPAZ -40to +85 8 Ld PDIP* E8.3
(Note 1) (Pb-free)

*Pb-free PDIPs can be used for through hole wave solder processing only. They are not intended for use in Reflow solder processing applications.

NOTES:

1. These Intersil Pb-free plastic packaged products employ special Pb-free material sets; molding compounds/die attach materials and 100%
matte tin plate PLUS ANNEAL - e3 termination finish, which is RoHS compliant and compatible with both SnPb and Pb-free soldering
operations. Intersil Pb-free products are MSL classified at Pb-free peak reflow temperatures that meet or exceed the Pb-free requirements of

IPC/JEDEC J STD-020.

2. Add /883B to part number if 883B processing is required.
3. Please refer to TB347 for details on reel specifications.

2 intersil

FN3179.5
March 6, 2008



ICL7660S

Absolute Maximum Ratings Thermal Information
Supply Voltage. ... ... +13.0V Thermal Resistance (Typical, Note 5) 0ya (°C/W)
LV and OSC Input Voltage (Note 4) BLAPDIP e 110
VE<BEV. o -0.3Vito V++0.3V BILE BIESHEISOIC wormenes 0 1 v iening 6 4 & 160
VE>E8V. oo V+-5.5V to V+ +0.3V Pb-free reflow profile . .. ......... ... ... . ..., see link below
Current into LV (Note 4) http://www.intersil.com/pbfree/Pb-FreeReflow.asp
VAR BN e v e s as noommmmere v 0 i s es o i | 20pA
Output Short Duration *Pb-free PDIPs can be used for through hole wave solder
VeuppLY $858V..oiiii Continuous processing only. They are not intended for use in Reflow solder
Storage Temperature Range .. ................ -65°C to +150°C processing. applications.

Operating Conditions

Temperature Range
ICL7660SI . ... .. -40°C to +85°C
ICLTOBOSE o s ww smve 2w i 5 w8 i i 408 96 0% 4 0°C to +70°C

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product reliability and
result in failures not covered by warranty.

NOTES:

4. Connecting any terminal to voltages greater than V+ or less than GND may cause destructive latchup. It is recommended that no inputs from
sources operating from external supplies be applied prior to “power up” of ICL7660S.

5. 0 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications v+ =5V, Ty = +25°C, OSC = Free running, Test Circuit Figure 12, Unless Otherwise Specified.

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Supply Current (Note 8) |+ Rp =0, +25°C - 80 160 PA
0°C < Tp <+70°C - - 180 bA
-40°C < Tp < +85°C - - 180 HA
-65°C < Tp <+125°C - - 200 HA
Supply Voltage Range - High Vi RL = 10k, LV Open, Tpin < Ta < TMAX 3.0 g 12 vV
(Note 9)
Supply Voltage Range - Low VL R =10k, LV to GND, Ty < Ta < Tmax 1.5 - 3.5
Output Source Resistance Rout louT = 20mA - 60 100
louT = 20mA, 0°C < Tp < +70°C 2 - 120 Q
loyT = 20mMA, -25°C < Tp < +85°C - - 120
louT = 20mA, -55°C < Ty < +125°C = - 150
louT = 3MA, V+ =2V, LV = GND, : . 250 Q
0°C < Tp <+70°C
lout =3mA, V+ =2V, LV = GND, = - 300 Q
-40°C < Tp < +85°C
louT = 3MA, V+ = 2V, LV = GND, . - 400 Q
-65°C < Tp < +125°C
Oscillator Frequency (Note 7) fosc Cosc =0, Pin 1 Open or GND 5 10 - kHz
Cosc=0,Pin1=V+ g 35 = kHz
Power Efficiency PErE RL = 5k 96 98 - %
TMIN < TaA < Tmax R = 5kQ 95 97 : =
Voltage Conversion Efficiency VouTEFF |RL = 99 99.9 . . %
3 intersijl Marcfmhés3.127095§



ICL7660S

Electrical Specifications

V+ =5V, Ta = +25°C, OSC = Free running, Test Circuit Figure 12, Unless Otherwise Specified. (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Oscillator Impedance Zosc V+ =2V - 1 - MQ
V+ =5V - 100 - kQ

NOTES:
Derate linearly above +50°C by 5.5mwW/°C

In the test circuit, there is no external capacitor applied to pin 7. However, when the device is plugged into a test socket, there is usually a very
small but finite stray capacitance present, of the order of 5pF.

6.
Fit

- The Intersil ICL7660S can operate without an external diode over the full temperature and voltage range. This device will function in existing

designs which incorporate an external diode with no degradation in overall circuit performance.

Typical Performance Curves (Test Circuit Figure 12)

. All significant improvements over the industry standard ICL7660 are highlighted.
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ICL7660S

Typical Performance Curves (Test Circuit Figure 12) (Continued)
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ICL7660S

Typical Performance Curves (Test Gircuit Figure 12) (Continued)
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NOTE:

10. These curves include in the supply current that current fed directly into the load R|_ from the V+ (See Figure 12). Thus, approximately half the
supply current goes directly to the positive side of the load, and the other half, through the ICL7660S, to the negative side of the load. Ideally,

Vout 22ViNy Is = 211, s0 Vi x Ig ~ VouT X 1L

Detailed Description

The ICL7660S contains all the necessary circuitry to
complete a negative voltage converter, with the exception of
2 external capacitors which may be inexpensive 10uF
polarized electrolytic types. The mode of operation of the
device may be best understood by considering Figure 12,
which shows an idealized negative voltage converter.
Capacitor C1 is charged to a voltage, V+, for the half cycle
when switches S1 and Sg3 are closed. (Note: Switches So
and S4 are open during this half cycle). During the second
half cycle of operation, switches S» and S4 are closed, with
S4 and S3 open, thereby shifting capacitor C1 to Cp such
that the voltage on C» is exactly V+, assuming ideal switches
and no load on C». The ICL7660S approaches this ideal
situation more closely than existing non-mechanical circuits.

V+
L Y, lg V+
o] B, <> (+5V)
" +| 2] ICL7660S 7] .
100F . __|__E (6]-o R
—1 4 "=|:°‘V0UT

Ca =
10pFl+

NOTE: Forlarge values of Cogc (>1000pF) the values of C4 and Co
should be increased to 100uF.

FIGURE 12. ICL7660S TEST CIRCUIT

In the ICL7660S, the 4 switches of Figure 13 are MOS
power switches; S1 is a P-Channel devices and S5, S3 and
S4 are N-Channel devices. The main difficulty with this

approach is that in integrating the switches, the substrates of
S3 and S4 must always remain reverse biased with respect
to their sources, but not so much as to degrade their “ON”
resistances. In addition, at circuit start-up, and under output
short circuit conditions (Vo1 = V+), the output voltage must
be sensed and the substrate bias adjusted accordingly.
Failure to accomplish this would result in high power losses
and probable device latch-up.

This problem is eliminated in the ICL7660S by a logic network
which senses the output voltage (Vo) together with the
level translators, and switches the substrates of Sz and Sy to
the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7660S is an integral
part of the anti-latchup circuitry, however its inherent voltage
drop can degrade operation at low voltages. Therefore, to
improve low voltage operation “LV" pin should be connected
to GND, disabling the regulator. For supply voltages greater
than 3.5V the LV terminal must be left open to insure latchup
proof operation, and prevent device damage.

Theoretical Power Efficiency
Considerations

In theory, a voltage converter can approach 100% efficiency
if certain conditions are met:

1. The drive circuitry consumes minimal power.

. The output switches have extremely low ON resistance
and virtually no offset.

. The impedance of the pump and reservoir capacitors are
negligible at the pump frequency.
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ICL7660S

The ICL7660S approaches these conditions for negative
voltage conversion if large values of C4 and C» are used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCCURS. The energy lost is defined by:

E = 1C4(V42-V,?) (EQ. 1)
where V1 and V5 are the voltages on C4 during the pump
and transfer cycles. If the impedances of C1 and C» are
relatively high at the pump frequency (refer to Figure 13)
compared to the value of Ry, there will be substantial
difference in the voltages V1 and V5. Therefore it is not only
desirable to make C» as large as possible to eliminate output
voltage ripple, but also to employ a correspondingly large
value for C1 in order to achieve maximum efficiency of
operation.
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— | 1 i
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Y.y —" o : >
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FIGURE 13. IDEALIZED NEGATIVE VOLTAGE CONVERTER

Do’s and Don’ts
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GND for supply voltage
greater than 3.5V.

3. Do not short circuit the output to V* supply for supply
voltages above 5.5V for extended periods, however,
transient conditions including start-up are okay.

4. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660S and the +
terminal of Co must be connected to GND.

5. If the voltage supply driving the ICL7660S has a large
source impedance (252 to 30¢2), then a 2.2uF capacitor
from pin 8 to ground may be required to limit rate of rise
of input voltage to less than 2V/us.

6. User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will occur
under these conditions. A 1N914 or similar diode placed
in parallel with Co will prevent the device from latching up
under these conditions. (Anode pin 5, Cathode pin 3).

Typical Applications

Simple Negative Voltage Converter

The majority of applications will undoubtedly utilize the
ICL7660S for generation of negative supply voltages.
Figure 14 shows typical connections to provide a negative
supply where a positive supply of +1.5V to +12V is available.
Keep in mind that pin 6 (LV) is tied to the supply negative
(GND) for supply voltage below 3.5V.

V4
E"B—T
7

ICL7660S

10pF

2
|+ u
3 GF = =
. ] (6} -~ Ro Vour
—14 5 ==
: =.V+
10pF [ VouT *
14A. 14B.

FIGURE 14. SIMPLE NEGATIVE CONVERTER AND ITS
OUTPUT EQUIVALENT

The output characteristics of the circuit in Figure 14 can be
approximated by an ideal voltage source in series with a
resistance as shown in Figure 14B. The voltage source has
a value of -(V+). The output impedance (Rg) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 13), the switching frequency, the value of C4 and Cyp,
and the ESR (equivalent series resistance) of Cq and Co. A
good first order approximation for Rg is:

Ro=20(Rawi+ Ragwa+ESRg)+2Rguia+ Rewa *ESReg)*
PRSI -
foump * C4

fosC (Rgyyx = MOSFET Switch Resistance)

+ESRe,

feump = =3
(EQ. 2)

Combining the four Rgyyx terms as Rgyy, we see that:

1

Rpz2xRoy+ 47—
) SW - foume * Cy

+4xESRg+ESR¢, (EQ. 3)

Rgyy, the total switch resistance, is a function of supply
voltage and temperature (See the Output Source Resistance
graphs), typically 23(2 at +25°C and 5V. Careful selection of
C4 and C5 will reduce the remaining terms, minimizing the
output impedance. High value capacitors will reduce the
(fpymp x C4) component, and low ESR capacitors will lower
the ESR term. Increasing the oscillator frequency will reduce
the 1/(fpump x C4) term, but may have the side effect of a net
increase in output impedance when C4 > 10pF and is not long
enough to fully charge the capacitors every cycle. In a typical
application where fogc = 10kHz and C = Cq = Cp = 10pF:
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1

Raz2x23+ —m———
0 5x10°x 10x 10

+4xESRc, +ESRy,  (EQ. 4)
Rp=46+20+5xESR

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/fpymp x C1) term, rendering
an increase in switching frequency or filter capacitance
ineffective. Typical electrolytic capacitors may have ESRs as
high as 10<.

Output Ripple
ESR also affects the ripple voltage seen at the output. The
total ripple is determined by 2 voltages, A and B, as shown in
Figure 15. Segment A is the voltage drop across the ESR of
C» at the instant it goes from being charged by C4 (current
flowing into C») to being discharged through the load
(current flowing out of Cs). The magnitude of this current
change is 2 x IgyT, hence the total drop is 2 x lgyT %
ESRcoV. Segment B is the voltage change across Cy during
time tp, the half of the cycle when C, supplies current the
load. The drop at B is IgyT x to/CoV. The peak-to-peak ripple
voltage is the sum of these voltage drops:

1

VRIPPLEE(

Again, a low ESR capacitor will result in a higher
performance output.

Paralleling Devices

Any number of ICL7660S voltage converters may be
paralleled to reduce output resistance. The reservoir
capacitor, Co, serves all devices while each device requires
its own pump capacitor, C1. The resultant output resistance
would be approximately:

R _ _RoutioficLresos)
OUT ™ n(number of devices)

(EQ. 6)

Cascading Devices

The ICL7660S may be cascaded as shown to produce larger
negative multiplication of the initial supply voltage. However,
due to the finite efficiency of each device, the practical limit is
10 devices for light loads. The output voltage is defined by:

Vour = -MV)N) (EQ. 7)

where n is an integer representing the number of devices
cascaded. The resulting output resistance would be
approximately the weighted sum of the individual ICL7660S
ROUT values.

Changing the ICL7660S Oscillator Frequency

It may be desirable in some applications, due to noise or other
considerations, to alter the oscillator frequency. This can be
achieved simply by one of several methods described in the
following.

By connecting the Boost Pin (Pin 1) to V+, the oscillator
charge and discharge current is increased and, hence, the
oscillator frequency is increased by approximately 31;'2
times. The result is a decrease in the output impedance and
ripple. This is of major importance for surface mount
applications where capacitor size and cost are critical.
Smaller capacitors, e.g. 0.1uF, can be used in conjunction
with the Boost Pin in order to achieve similar output currents
compared to the device free running with C4 = Co = 10pF or
100uF. (Refer to graph of Output Source Resistance as a
Function of Oscillator Frequency).

Increasing the oscillator frequency can also be achieved by
overdriving the oscillator from an external clock, as shown in
Figure 18. In order to prevent device latchup, a 1k resistor
must be used in series with the clock output. In a situation
where the designer has generated the external clock
frequency using TTL logic, the addition of a 10k¢2 pull-up
resistor to V+ supply is required. Note that the pump
frequency with external clocking, as with internal clocking,
will be 1!2 of the clock frequency. Output transitions occur on
the positive going edge of the clock.

V+ V+

1kQ CMOS

ICL7660S GATE

nl

¥
10pF

FIGURE 15. EXTERNAL CLOCKING

It is also possible to increase the conversion efficiency of the
ICL7660S at low load levels by lowering the oscillator
frequency. This reduces the switching losses, and is shown
in Figure 19. However, lowering the oscillator frequency will
cause an undesirable increase in the impedance of the
pump (C4) and reservoir (Co) capacitors; this is overcome by
increasing the values of Cq and C» by the same factor that
the frequency has been reduced. For example, the addition
of a 100pF capacitor between pin 7 (OSC and V+ will lower
the oscillator frequency to 1kHz from its nominal frequency
of 10kHz (a multiple of 10), and thereby necessitate
corresponding increase in the value of C4 and Co (from
10pF to 100pF).
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FIGURE 16. LOWERING OSCILLATOR FREQUENCY

Positive Voltage Doubling

The ICL7660S may be employed to achieve positive voltage
doubling using the circuit shown in Figure 20. In this
application, the pump inverter switches of the ICL7660S are
used to charge C4 to a voltage level of V+ -V (where V+ is
the supply voltage and V is the forward voltage on C; plus
the supply voltage (V+) is applied through diode D5 to
capacitor Cp. The voltage thus created on Co becomes
(2V+) - (2VE) or twice the supply voltage minus the
combined forward voltage drops of diodes D4 and D5.

The source impedance of the output (Vo 7) will depend on
the output current, but for V+ = 5V and an output current of
10mA it will be approximately 60¢2.

1

=

ICL7660S
Vour =
(2V+) - (2VE)

— 17
LL]
4

NOTE: D4 and D2 can be any suitable diode.
FIGURE 17. POSITIVE VOLTAGE DOUBLER

Combined Negative Voltage Conversion and
Positive Supply Doubling

Figure 21 combines the functions shown in Figure 14 and
Figure 20 to provide negative voltage conversion and
positive voltage doubling simultaneously. This approach
would be, for example, suitable for generating +9V and -5V
from an existing +5V supply. In this instance capacitors C4
and C4 perform the pump and reservoir functions
respectively for the generation of the negative voltage, while
capacitors Co and C4 are pump and reservoir respectively
for the doubled positive voltage. There is a penalty in this
configuration which combines both functions, however, in
that the source impedances of the generated supplies will be
somewhat higher due to the finite impedance of the common
charge pump driver at pin 2 of the device.

V+

7

T Vour =-VIN
Ca

ICL7660S
+

¥D1

Cq

ﬂ
=1 1 1 E
BT

D2
Vout = (2V+) -

(Vep1) - (Vrp2)
Cq

I
Co -Lt

FIGURE 18. COMBINED NEGATIVE VOLTAGE CONVERTER
AND POSITIVE DOUBLER

Voltage Splitting

The bidirectional characteristics can also be used to split a
high supply in half, as shown in Figure 22. The combined
load will be evenly shared between the two sides, and a high
value resistor to the LV pin ensures start-up. Because the
switches share the load in parallel, the output impedance is
much lower than in the standard circuits, and higher currents
can be drawn from the device. By using this circuit, and then
the circuit of Figure 17, +15V can be converted (via +7.5,
and -7.5 to a nominal -15V, although with rather high series
output resistance (~250¢2).

bt * 0 Vi
1

Ry 1 50uF T v,

PI— U A

—V+-V-
Vour = +2 J-T—I 2 ICL7660S 3

sowr ' 493 Gm

w L@ 5]

50pF
. il -

FIGURE 19. SPLITTING A SUPPLY IN HALF

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660S can
be a problem, particularly if the load current varies
substantially. The circuit of Figure 23 can be used to
overcome this by controlling the input voltage, via an
ICL7611 low-power CMOS op amp, in such a way as to
maintain a nearly constant output voltage. Direct feedback is
inadvisable, since the ICL7660S's output does not respond
instantaneously to change in input, but only after the
switching delay. The circuit shown supplies enough delay to
accommodate the ICL7660S, while maintaining adequate
feedback. An increase in pump and storage capacitors is
desirable, and the values shown provides an output
impedance of less than 5¢2 to a load of 10mA.
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FIGURE 20. REGULATING THE OUTPUT VOLTAGE

+5V LOGIC SUPPLY
Q

12 "

TTL DATA 16 1
INPUT 7 :,/A

4 I3 ]  Rsa
SN > DATA "5VI I |
15 OUTPUT  .sv ‘

d 7 B D>
3 7] IH5142
& ICL7660S
104F -_[_L_E 3| 13 |14
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-

FIGURE 21. RS232 LEVELS FROM A SINGLE 5V SUPPLY

Other Applications

Further information on the operation and use of the
ICL7660S may be found in ANO51 “Principles and
Applications of the ICL7660 CMOS Voltage Converter”,

70 2 FN3179.5
1ntersil March 6, 2008



ICL7660S

Dual-In-Line Plastic Packages (PDIP)

E8.3 (VEDEC MS-001-BA ISSUE D)

N
- 8 LEAD DUAL-IN-LINE PLASTIC PACKAGE
I:REA( 12 3 NI2 INCHES MILLIMETERS
= SYMBOL MIN MAX MIN MAX | NOTES
E A - 0.210 - 5.33 4
D r—e—>| A1 0.015 0.39 - 4
|
BASE -
PLANE 7/ : PR : i A2 0.115 0.195 293 4,95
-C- I .
SEATING ) u Ly ! B 0.014 | 0022 | 03856 | 0558
PLANE AL ¢ | B1 0.045 | 0070 | 1.5 177 | 8,10
D1 “"m‘"‘ Aq ( Ex c 0.008 0.014 0.204 0.355 -
B1—» B-t— [e] < 5 L c D 0.355 | 0.400 | 9.01 | 10.16 5
S
e a =
0.010 (0.25)®|C I AlB@J B D1 0.005 0.13 5
~ E 0.300 0.325 7.62 8.25 6
NOTES: E1 0.240 | 0280 | 6.10 7.11 5
1. Controlling Dimensions: INCH. In case of conflict between
; : : : ; 100 B 2.54 B -
English and Metric dimensions, the inch dimensions control. : giauese oo
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. €A 0.300 BSC 7.62BSC 6
3. Symbols are defined in the “MO Series Symbol List” in Section e = 0.430 ~ 10.92 7
2.2 of Publication No. 95. L 0.115 0.150 2.93 3.81 4
4. Dimensions A, A1 and L are measured with the package seated N 8 9
in JEDEC seating plane gauge GS-3.
5. D, D1, and E1 dimensions do not include mold flash or protru- R0 1208
sions. Mold flash or protrusions shall not exceed 0.010 inch
(0.25mm).
6. E and are measured with the leads constrained to be per-
pendicular to datum .
7. eg and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.
8. B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).
9. N is the maximum number of terminal positions.
10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3,
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch
(0.76 - 1.14mm).
FN3179.5
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Small Outline Plastic Packages (SOIC)

ililli| f

INDEX

AREA H p@{0.250.010) @ [B @

g

QIEIEIRIRIgY]

SEATING PLANE

D——» A

|<—hx45"

=i Jiz:u
L‘Y [&]o:100.009) | Cf

B 0.2500.010 @] c |[aW) [ @) |

OTES:

1.

[A%]

Symbols are defined in the "MO Series Symbol List" in Section 2.2 of

Publication Number 95.

. Dimensioning and tolerancing per ANSI| Y14.5M-1982.

. Dimension "D" does not include mold flash, protrusions or gate burrs.
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

. Dimension “E” does not include interlead flash or protrusions. Inter-
lead flash and protrusions shall not exceed 0.25mm (0.010 inch) per
side.

. The chamfer on the body is optional. If it is not present, a visual index

feature must be located within the crosshatched area.

. “L"is the length of terminal for soldering to a substrate.

“N" is the number of terminal positions.
. Terminal numbers are shown for reference only.

. The lead width “B", as measured 0.36mm (0.014 inch) or greater

above the seating plane, shall not exceed a maximum value of
0.61mm (0.024 inch).

. Controlling dimension: MILLIMETER. Converted inch dimensions

are not necessarily exact.

M8.15 (JEDEC MS-012-AA ISSUE C)
8 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX NOTES
A 0.0532 0.0688 1.35 1.75 -
Al 0.0040 0.0098 0.10 0.25 -
B 0.013 0.020 0.33 0.51 9
C 0.0075 0.0098 0.19 0.25
D 0.1890 0.1968 | 4.80 5.00
E 0.1497 0.1574 | 3.80 4.00 4
e 0.050 BSC 1.27 BSC
H 0.2284 0.2440 5.80 6.20
h 0.0099 0.0196 0.25 0.50 5
L 0.016 0.050 0.40 1.27
N 8 8
o 0° 8° 0° 8° =
Rev. 1 6/05

All Intersil U.S. products are manufactured, assembled and tested utilizing ISO9000 quality systems.
Intersil Corporation’s quality certifications can be viewed at www.intersil.com/design/quality

Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design, software andfor specifications at any time without
notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see www.intersil.com
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TelCom

Semiconductor, Inc.

TC4426A
TC4427A
TC4428A

1.5A DUAL HIGH-SPEED POWER MOSFET DRIVERS

FEATURES
B High Peak Output Current ........cccccveininnenennn. 1.5A
B Wide Operating Range .........ccccvevienneennns 4.5V to 18V
B High Capacitive Load
Drive Capability .........ceeu.e. 1000 pF in 25 nsec Typ
B Short Delay Time ......ccccvvveeviniiiinnnnnnn 30 nsec Typ
B Matched Rise, Fall and Delay Times
B Low Supply Current
— With Logic “1” Input ......cccccevevrrnennnne. 1mA Typ
— With Logic “0” Input .......ccoevvciiineiinnes 100 LA Typ
Low Output Impedance..........cccccevevvvrnrninnnnn 7Q Typ

Latch-Up Protected: Will Withstand 0.5A

Reverse Current

Input Will Withstand Negative Inputs Up to 5V
ESD Protacted ....uminsssiimimissssin asmves s 4 kv
Pinout Same as TC426/TC427/TC428

PIN CONFIGURATIONS

INVERTING

NONINVERTING

NC =NO INTERNAL CONNECTION DIFFERENTIAL

NOTE: SOIC pinout is identical to DIP

GENERAL DESCRIPTION

The TC4426A/4427A/4428A are improved versions of
the earlier TC426/427/428 family of buffer/drivers (with
which they are pin compatible). They will not latch up under
any conditions within their power and voltage ratings. They
are not subject to damage when up to 5V of noise spiking (of
either polarity) occurs on the ground pin. They can accept,
without damage or logic upset, up to 500 mA of reverse
current (of either polarity) being forced back into their
outputs. All terminals are fully protected against up to 4 kV
of electrostatic discharge.

As MOSFET drivers, the TC4426A/4427A/4428A can
easily switch 1000 pF gate capacitances inunder 30 ns, and
provide low enough impedances in both the ON and OFF
states to ensure the MOSFET's intended state will not be
affected, even by large transients.

ORDERING INFORMATION

FUNCTIONAL BLOCK DIAGRAM

9 —0Vpp
INVERTING
OUTPUTS

|3 S—

OUTPUT
NONINVERTING

INPUT O—9— ! OUTPUTS
: 4.7v S
= i 3
g TC4426A/TC4427AITCA4428A
GND O—# !
EFFECTIVE INPUT
C=12pF

NOTES: 1. TC4426A has 2 inverting drivers; TC4427A has 2 noninverting drivers.
2. TC4428A has one inverting and one noninverting driver.
3. Ground any unused driver input.

? TELCOM SEMICONDUCTOR, INC.

Part No. Package Temp. Range
TC4426AC0OA 8-Pin SOIC 0°C to +70°C
TC4426ACPA 8-Pin Plastic DIP 0°C to +70°C
TC4426AEQA 8-Pin SOIC —40°C to +85°C
TC4426AEPA 8-Pin Plastic DIP —40°C to +85°C
TC4426AMJIA 8-Pin CerDIP —55°C to +125°C
TC4427ACOA 8-Pin SOIC 0°C to +70°C
TC4427ACPA 8-Pin Plastic DIP 0°C to +70°C
TC4427AEOA 8-Pin SOIC —40°C to +85°C
TCA4427AEPA 8-Pin Plastic DIP —40°C to +85°C
TC4427AMJA 8-Pin CerDIP —-55°Cto +125°C
TC4428AC0OA 8-Pin SOIC 0°C to +70°C
TC4428ACPA 8-Pin Plastic DIP 0°C to +70°C
TC4428AEQA 8-Pin SOIC —-40°C to +85°C
TC4428AEPA 8-Pin Plastic DIP —40°C to +85°C
TC4428AMJA 8-Pin CerDIP —55°C to +125°C

TCA426A/TA/BA-9 10/21/96
4-251



TC4426A
TC4427A
TC4428A

1.5A DUAL HIGH-SPEED
POWER MOSFET DRIVERS

ABSOLUTE MAXIMUM RATINGS*

Supply Voltage

......................... +22V

Input Voltage, IN A or IN B .. (Vpp + 0.3V) to (GND - 5.0V)

Maximum Chip Temperature ..............ccocoooeeriennn. +150°C
Storage Temperature Range ........... —65°C to +150°C
Lead Temperature (Soldering, 10 sec) ................. +300°C
Package Thermal Resistance
CErDIP Rgyo oovveeaeeaieee e, 150°C/W
CerDIP Rgyug veoveeiieaiie et 50°C/W
PDIP R a coveeeeeereeeieeiineiecen e 125°C/W
PDIP Rgyg ceevveeeeriiaeeiiaee oo 42°C/W
SOIEG Rijoissssiassvsivvsmssvapmmissisivsssssimminiss 155°C/W
SOIC Rogcrsassmnnsnnmmnnsnnnasmss 45°C/W

ELECTRICAL CHARACTERISTICS:

Operating Temperature Range

CVersion .......cccoo 0°C to +70°C

ENEISIoN scusmesesmminas S —40°C to +85°C

WM VEISION connenmamnmmmisss —55°C to +125°C
Package Power Dissipation (T4 < 70°C)

PlastiC ......oooieiiiiee e 730mwW

CerDIP e 800mw

SOIC o s s S 470mW

*Static-sensitive device. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under "Absolute Maximum Ratings" may cause perma-
nent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those
indicated in the operation sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Over operating temperature range with 4.5V < Vpp < 18V, unless

otherwise specified.

Symbol Parameter Test Conditions Min Typ Max Unit
Input
Logic 1 High Input Voltage 2.4 [ = v
Vi Logic 0 Low Input Voltage == — | o8 Y
l_IN Input Current -ov< Vin = Vop Ta=25°C -1 — 1 ]J.A
—40°C < Ta<85°C - 10 [ — 10
Output
VoH High Output Voltage DC Test Vpp — 0.025 — - V
VoL Low Output Voltage DC Test — — 0.025 v
Ro Output Resistance Vpp =18V, lg = 10mA Ta=25°C — 7 9 Q
°C<Tx<70°C — 7 10
. —40°<Ta<85°C — 8 i)
lpk Peak Output Current Vpp = 18V — 1.5 — A
Irev Latch-Up Protection Duty Cycle < 2% Vpp = 18V | 0.5 — — A
' Withstand Reverse Current t <300usec }
Switching Time (Note 1)
tr Rise Time Figure 1 Ta=25°C — 25 35 nsec
0°C < Ta<70°C — |27 40
—40°C < Tp<85°C — 29 40
te Fall Time Figure 1 Ta=25°C — 25 a5 nsec
0°C <Tp<70°C — 27 40
—40°C <Ta<85°C — 29 40
to Delay Time Figure 1 Ta=25°C — 30 35 | nsec
0°C < TA<70°C ‘ — 33 40
—40°C £ Ta<85°C - 35 45
to2 Delay Time Figure 1 Ta=25°C — 30 35 nsec
0°C £ Tao<70°C — 33 | 40
—40°C < Ta<85°C — 35 45
Power Supply
Is Power Supply Current Vin = 3V (Both Inputs)  Vpp = 18V — ‘ 1.0 2.0 mA
Vin = OV (Both Inputs) — | 0.1 0.2

NOTE: 1. Switching times are guaranteed by design.
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1.5A DUAL HIGH-SPEED

POWER MOSFET DRIVERS
TC4426A
TC4427A
TC4428A
e 90%
INPUT ;
O Vpp= 18V ov
1 Vi ey rﬂ
4.7 uF 0.1 uF 90% 90%
L j:: ' OUTPUT

o=
10% 10%
INPUT O L Rl P S
—| >o——_T_—o OUTPUT

T C,_ = 1000 pF Inverting Driver
r .
= R 90%
INPUT I
_]_3 1y 10% —
- Voo T T T T T oo% l 90% -\
INPUT: 100 kHz, square wave

tpq tD 2,
d —1 :_ t
tRISE = tFALL < 10nsec OUTPUT ¢ R
OV ———| 10% 10%

Noninverting Driver

Figure 1. Switching Time Test Circuit

& TELCOM SEMICONDUCTOR, INC.
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1.5A DUAL HIGH-SPEED

POWER MOSFET DRIVERS
TC4426A
TC4427A
TC4428A
TYPICAL CHARACTERISTICS
Rise Time vs. Supply Voltage Fall Time vs. Supply Voltage
Temperature = 25°C Temperature = 25°C
100 100
Cy = 2200pF L= 2200pF
80 80
o
C) :% Ci.= 1500pF
2 g, = 10005 ~~—— o €, = 10005F
40 \\\ P & o [ s
— C|_=4TDpF \-_-""-'-—.___ - w"-——___ —
20 — 20 e ——
€= 100pF €L 100pF
0 0
5.0 7.5 10.0 12,5 15.0 17.5 5.0 7.5 10.0 12.5 15.0 17.5
Vpp (Volts) Vpp (Volts)
Effect of Input Amplitude on Delay Propagation Delay Time vs. Supply Voltage
Vpp =10V  C_ = 1000pF CL = 1000pF
110 60
\{D1
100 \ 55
e \ 8 50 )
2 80 \ g,
@ 70 & " tp2 \
£ &0 E 40 a
7 50 02 \ > 35 N
8 40 g 3 \
30 —— 25 [—
20 20
1 2 3 4 5 6 7 8 9 0 5 10 15 20
Vpp (Volts) Vpp (Volts)
Rise and Fall Times vs. Temperature Propagation Delay Time vs.Temperature
Vpp =18V  C_=1000pF Vpp =18V C = 1000pF
28 40
26 - 35 a2
T 24 § e
8 < 30 =
2 2 °
E 2 E o5
- - tD2
18 -1
16 R / 8 20 tm’/
14 I # 15
-100 -50 0 50 100 150 -100 -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C)
High-State Output Resistance Low State Output Resistance
30 30
o5 | TA= 125°C - —
A= 125°
£ 20— \ g 20 C\
£ Ta=125°C £ N
S \ \ 2 A
5 15 S \ s 15 \
E 0 \\\\ g 10 [TA=125°C
5 h""“———._.._ 5 \.____ —
0 0
0 5 10 15 20 0 5 10 15 20
Vpp (Volts) Vpp (Volts)
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1.5A DUAL HIGH-SPEED

TYPICAL CHARACTERISTICS (Cont.)
Supply Current vs. Frequency Supply Current vs. Capacitance Load
Vpp = 18v Vpp = 18v
60 = 60
. o= ZZOOpF/ b \ - !/ 2MHz | —
- ‘ ‘ /———-
< 40 //'/ E‘ 40 / 7
E C=1000pF CL= 100pF £ P — 600MHz
B 50 |— A _‘_.____/ R 2 30 7,//,__-_—_:"”_______
o a
3 | 3 / ]
o 20 » 20
Bn i
10 10 —
0 W \ 0 —— 20MHz
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
FREQUENCY (KHz) CL (pF)
Supply Current vs. Frequency Supply Current vs.Capacitance Load
VDD= 12v Vpp =12v
80 | | 80 T
70 €= 2200pF 70
60 | 60 ‘ // 2MHz
E‘ o /// -2 Cy = 1500pF &E‘ 50 ’/
2 40 _: 40
a > = 3
g a0 7 ,/ Pl ;& 30 / ~__900MHz
z 20 // C= 100pF bl 20 P 600MHz
10 / 10 _‘——‘4_—————}{‘ 200MHz
0 | 0 L e i o 2002
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
FREQUENCY (KHz) Cv (pF)
Supply Current vs. Frequency Supply Current vs. Capacitance Load
Vpp = 6v Vpp = 6v
40 40 } |
~ 22 o= 2200F _ 35 [ | // 2Rz
‘é o ‘/ € = 1500pF E 30 /
2 g ~ > 2% A
§ 15 ///’/ G 000aF ;: 15 / ~_900MHz
9 10 // 7’ E 10 o ol ______-—— 600MHz
5 = G 1eF s |~ L —T—
0 5 ,E‘ 1 } e
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
FREQUENCY (KHz) CL (pF)
Quiescent Supply Current vs. Voltage Quiescent Supply Current vs. Temperature
TEMPERATURE = 25°C Vpp = 18v
900 i _—— 1100 T
1000
= ?gg W < 900 |- Bothinputs =0 P
é Both inputs = 1’/ “‘_':" 800
£ 600 € 700
g 500 » 600
2 400 S 500
= 300 i
=00 200 |- Bothinputs =0 T
103 Both iNputs = 0 o jusssesee=== 10% _Jr ;
0 5 10 15 20 -100 -50 0 50 100 150
Vpp (Volts) TEMPERATURE = (°C)
'?5 TELCOM SEMICONDUCTOR, INC. 4-255
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TECHNICAL METHODS FOR THE PREVENTION AND CORRECTION OF VOLTAGE SAGS AND
SHORT INTERRUPTIONS INSIDE THE INDUSTRIAL PLANTS INCASE MAGNETIC CONTACTOR
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ABSTRACT

The magnetic contactor is response to voltage
sags, so has resulted in an explosion at an electrical circuit is
cut, This is @ main causes are found in industrial plants, and
causing damage to the transmission circuit to the motor is
enormous value, This thesis presents the prevention and
correction of voltage sags and short interruptions so circuit is
designed to operate on the voltage sags or short interruptions
to maintain the operation of it. The circuit is designed to
operate when the voltage sags or voltage is less than 50% for
1 minute, which can be detected by the microcontroller.
If the voltage source is less than the reference voltage,
voltage sags prevention circuit will be operated, So, usingl2
volt battery to supply through the inverter circuit then step
up voltage through the transformer to AC 220 volt before

supply voltage to the coil of the magnetic contactor and use
relay as switch. While the magnetic contactor on the voltage
sags prevention circuit. The operation of this circuit will allow

the magnetic contactor work properly.

Keyword: Voltage sags, Magnetic contactor,Inverter
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